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Edwards Water Jet Pump, designed for 
individual and continuous use in the 
chemical laboratory, will produce a 
rough vacuum of 12 mm. Hg for filter- 
ing, de-aerating, etc. This pump, 
incorporating the new jet design, com- 
bines improved performance with ability 
to operate with low water pressures. 

Where a reliable and economical water 
supply is not available, or where a 
higher degree of vacuum is necessary, 
we recommend a rotary mechanical 
pump operating the Edwards Multi- 
Point Vacuum Pipe-Line Instailation 
or as a Mobile Vacuum Unit. This is 
the modern method of providing a 


vacuum service to a large number of 


users in one building. 

New types of vacuum unions ensure 
easily assembled vacuum-tight  pipe- 
lines. 
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lvan Petrovitch Pavlov 


THE term ‘conditioned reflex’ still has so much of a ring 
of novelty about it that it requires an effort to recall that 
the man who made it famous, Ivan Petrovitch Pavlov, was 
born a hundred years ago this month. Moreover, as it 
has become an automatic reaction to think of conditioned 
reflexes when the name ‘Pavlov’ is mentioned, it is difficult 
to realise that Pavlov had already made a world reputation 
and gained a Nobel prize before he even began the study 
of conditioned reflexes. 

His researches began with studies of the circulatory 
system with particular reference to the nerves regulating 
heart action. Among other things this led to the discovery 
(also made independently by Gaskell) of certain nerve 
fibres which vary the strength of heart beat affecting its 
thythm. From 1888 to 1906 his work was mainly concerned 
with studies of secretion and digestion. Almost at the 
beginning, in 1888, he was rewarded by the discovery of the 
secretory nerves of the pancreas. The difficulty of repeating 
this work was so great that it was not universally recog- 
nised for some twenty years. 

Pavlov’s operating skill was phenomenal. Thoroughly 
ambidextrous, he has been named by the medical historian, 
Guthrie, as ‘‘perhaps the greatest experimental surgeon of 
modern times”. But he had much more than personal 
skill; the methods which he introduced revolutionised the 
technique of physiological experiment. In his earlier work 
on circulation he had realised that experimental results 
could be rendered useless by the abnormal conditions of the 
experiment unless special precautions were taken to accus- 
tom the animal to them. His own manner of handling 
animals was so effective that his dogs would voluntarily 
jump on the table and allow themselves to be operated on 
without being bound. 

In his studies of digestion and secretion it was even more 
apparent to him that experimental conditions could pro- 
duce inhibitions rendering the results entirely worthless. 
Pavlov, therefore, discarded the method of ‘acute experi- 
ment’ in which the whole experiment is finished in a matter 
of minutes or hours, usually under an anaesthetic, and in 
Which the experimenter is really doing no better than to 
investigate the physiology of an animal under extreme and 
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unnatural conditions. He developed instead the ‘method of 
chronic experiment’. In an investigation of secretion, for 
example, an operation would be performed on the organ 
in such a way that juices normally secreted internally were 
led outside the body, where they could be collected pure. 
The most famous case was the ‘Pavlov pouch’, formed by 
isolating a part of the stomach from the rest, with special 
precautions to avoid injuring the nerve connections. After 
healing and convalescence, an animal so treated was in a 
condition so nearly normal that secretions from the 
isolated part of the stomach could be observed without any 
danger that inhibitions and other extraneous reactions 
would affect the result. Then it was possible over a long 
period to investigate how the secretion was affected by 
such things as cutting particular nerves. 

The ultimate verdict of history may well be that Pavlov’s 
greatest contribution was his introduction of this experi- 
mental technique. Its influence was revolutionary and 
immense. As H. S. Liddell has written, “It is perhaps 
directly due to Pavlov’s example that the physiology of the 
living mammalian corpse, the narcotised or decapitated 
animal preparation of classical physiology, is viewed with 
increasing suspicion as a means of discovering facts of use 
in the practice of medicine.” And, following in the tradi- 
tion of Claude Bernard, Pavlov did more, probably, than 
any other person in modern times to establish the method 
of ‘integral physiology’, the considerations of the body as 
a whole instead of the study of isolated organs. 

With this new technique and outlook Pavlov was able to 
reconstruct entirely the physiology of the digestive glands, 
and it was for this work that he was awarded a Nobel 
Prize in 1904. During this work Pavlov often noticed that 
secretions which should be called forth by (say) the 
presence of food in the mouth, could sometimes be stimu- 
lated by such stimuli as the sight of a dish which was always 
associated with feeding. It was observations of this sort 
that led him on to the study of conditioned reflexes, a 
study which occupied him from 1907 till his death. The 
idea of the reflex—a response made automatically to an 
appropriate stimulus, as when the flavour of food makes 
one’s mouth water—dates from Descartes. The example 
just given is of an unconditioned reflex; it is an inborn 
reflex, the flow of saliva on tasting food being independent 
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of any learning or experience. But the taste of food is in 
practice constantly associated with other things like the 
sight of food; and this association leads to the develop- 
ment of a new reflex, a conditioned reflex, which causes 
one to salivate on merely seeing food. Artificial associa- 
tions, such as the ringing of a bell at every feeding time, can 
give rise (as they did in Pavlov’s dogs) to artificial condi- 
tioned reflexes, so that the sound of the bell produced 
salivation. Most of Pavlov’s conditioned reflex work was 
carried out using salivation as the test reaction. By means 
of the operational technique already described, he arranged 
to lead the saliva from the salivary glands out through a 
pipe in the dog’s cheek to a funnel where its amount could 
be easily measured. 

The discovery of conditioned reflexes is interesting but 
not in itself very important. Their real importance lies in 
the fact that they can be used as tools in manifold re- 
searches. With their aid Pavlov took a step so revolu- 
tionary that many of his contemporaries regarded it with 
horror. He applied physiological methods to the investiga- 
tion of the cerebral hemispheres, the higher centres of the 
brain, which had hitherto been regarded as the preserve of 
the introspective psychologist—and indeed had been re- 
garded by many, imbued with idealist or dualist philoso- 
phies, as outside the domain of science. Previous know- 
ledge in this field was so meagre that it can be summarised 
in a few phrases. Fritch and Hitzig in 1870 had demon- 
strated the effects of electrically exciting the motor areas; 
the sensory areas had been roughly localised by Ferrier 
and Munck; and Goltz had demonstrated that a dog 
deprived of its cerebral hemispheres could live and perform 
the simpler functions of life, but lost the power of adapting 
itself to any but the simplest situations. 
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The method of conditioned reflexes gave science its 
first real insight into the physiology of the higher nervous 
system. To take a simple example, a dog which has had the 
cortex (surface layer of cells) of its cerebral hemispheres 
removed retains its unconditioned reflexes; but it becomes 
incapable of forming conditioned reflexes, and any con- 
ditioned reflexes previously formed disappear. It is thus 
demonstrated that the formation of conditioned reflexes 
takes place in the cortical layer, whereas unconditioned 
reflexes belong to lower centres. Operations removing 
particular parts of the cortex can similarly be used to show 
in just what part each type of conditioned reflex is formed, 
To explain the formation of conditioned reflexes Pavloy 
postulated that the higher parts of the nervous system have 
the property of forming connections between different 
nerve circuits if these are habitually active at the same 
time. And his theory is, in general terms, still the main 
basis of modern brain physiology. 

On less directly physiological lines, conditioned reflexes 
can be used to test an animal’s ability to discriminate 
between different stimuli. One gives a dog, for example, 
one conditioned reflex for the sight of a circle and another 
for a fairly elongated ellipse; then by changing the shape of 
the ellipse and making it more and more like a circle, one 
discovers at what point the dog becomes confused and 
hence to what degree it can distinguish the two shapes. 
Again one can use conditioned reflexes to elucidate the 
more elementary types of learning and many other psycho- 
logical functions. Some of Pavlov’s most interesting work 
concerned the inhibition of reflexes—the process by which 
one reflex can overcome another and render it ineffective. 
But that cannot be described here. 

At the age of eighty, having already had three scientific 
careers, Pavlov embarked upon a fourth. He had observed 
that the conditioning process sometimes produced in his 
animals symptoms analogous to those of human psycho- 
logical disorders, and he now attempted to use conditioned 
reflexes for the elucidation of problems of psychiatry. 
The merits of this part of his work have been much more dis- 
puted than the others, and it would be much too early to 
give a verdict on them. 

Pavlov not only created two or three scientific revolu- 
tions, but in addition he lived through a social revolution. 
Though he had had many difficulties, almost amounting to 
persecutions, in Tsarist times and though the new Soviet 
Government gave him much expanded opportunities for 
research, he was nevertheless, for a long time, an opponent 
of the Soviet regime—and a very outspoken one at that. 
His translator, W. H. Gantt, wrote in 1928: ‘“‘We have 
heard him shout out in the laboratory with all the ire and 
righteous indignation of his nature terms of vituperation 
towards the government that not only in Russia but in any 
country, especially under revolutionary conditions, might 
have been suppressed as treason. His recent public speeches 
abound in phrases that Theodore Roosevelt would have 
hesitated to employ against his worst political enemies.” 
About 1930 his attitude began to change, and in the last 
two years of his life he was a strong supporter of the new 
order in Russia. In a later book (1941) Gantt wrote that 
this was caused partly by a general decrease in aggressive 
ness with age, and partly because Pavlov could not help 
but recognise the great encouragement which his Govert- 
ment gave to science. 
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Mystery on the Moon 


Ever since Galileo first saw the face of the moon through 
a telescope in 1610, astronomers have been fascinated by 
the problem of lunar craters—the huge circular saucer- 
shaped depressions in the moon’s surface. It was assumed 
at first that these were volcanic craters, and for 300 years 
the volcanic theory was not seriously challenged. But 
difficulties gradually accumulated. For one thing, the 
apparent depth of the craters was found to be an optical 
illusion—they are actually extremely shallow in proportion 
to width. Again their floors lie below the surface of the 
moon—very different in that respect from our volcanoes, 
tall mountains with comparatively small craters in their 
tops. And our volcanoes are steep sided, since the vol- 
canic material stops sliding at slopes of from 30 degrees 
upwards; with the smaller surface gravity of the moon one 
would expect even steeper slopes, whereas in fact the slopes 
outside the rings vary from | to 8 degrees. 

All these points made the volcanic theory unlikely. 
What was needed was a more thorough study of the quanti- 
tative aspects of the craters in the hope of discovering 
significant regularities. This research was begun about the 
end of the eighteenth century by the German astronomer 
J. H. Schroter. His labours, involving thousands of 
measurements, were rewarded by the discovery that the 
part of the material above the moon’s surface in each 
crater would be just sufficient to fill the central depression 
below the surface. That would suggest that the craters 
were formed by some cause which merely moved the 
material from the centre to the rim. Among others who 
worked on similar lines was H. Ebert, who showed that 
there was a relation between diameter and depth, the larger 
craters being proportionately less deep than the smaller. 

Is there any terrestrial phenomenon showing similar 
characteristics? Yes, the craters formed by meteorites are 
very similar in character to the craters of the moon. When 
a meteorite meets solid rock, it is stopped suddenly and its 
great Kinetic energy is suddenly transformed into heat. 
The heat is so great that it vaporises the rocks and the 
result is an enormous explosive blast, which creates the 
craters. 

The theory that the lunar craters were caused by the 
impact of meteorites was suggested about eighty years ago 
and has grown in favour ever since. But since the largest 
meteorite crater known on earth is about as large as the 
smallest lunar craters which we can measure at all accur- 
ately, this hypothesis would have to be checked by investi- 
gating the general laws governing the formation of craters 
by explosions. And in order to get sufficient grounds for 
comparison the investigation ought to cover a range from 
very small explosions up to the largest that we know. 

An investigation on these lines has been carried out by 
Ralph B. Baldwin using, among other things, the rather 
extensive supply of craters that the years 1939-45 provided. 
Baldwin’s data begin with the tiny pits made by mortar 
Shells, less than a yard across and a foot deep. They con- 
tinue through shell and ‘blockbuster’ bomb craters. Finally 
even bigger craters have been formed on rare occasions by 
industrial explosions, the greatest of which was the classic 
explosion at Oppau in Bavaria in 1921, when a stock of 
ammonium nitrate blew up and made a crater 400 ft. 
across and 90 ft. deep. 
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Craters on the moon. ( Yerkes Observatory 


















Photograph, by courtesy of Royal Astronomical 
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Fic. 2.—A similarity (suggestive of a similar origin) 

between terrestrial and lunar craters is found when 

diameter of crater is plotted against depth of crater. 

The logarithmic scale is used for convenience. (Graph 
from Scientific American, July, 1949.) 


That is the largest man-made crater about which details 
are available, but here terrestial meteorite craters take up 
the story and extend the range of crater size; one meteorite 
left a crater, 4150 ft. in diameter and 30 ft. deep. That is 
just a little smaller than the smallest measurable crater on 
the moon, and lunar craters then extend the range up to 
diameters of about 146 miles. 

Baldwin has compiled measurements over all this range, 
measurements which go strongly to show that all these 
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holes from the mortar shell pit to the largest lunar crater 
were produced by one single type of cause. Thus if their 
depths are plotted against their diameters, the result is the 
chart shown in Fig. 2, and it is very clear that the depth- 
diameter relation follows one single rule throughout. It is 
found that similarly one rule covers the relation of height 
of rim to diameter throughout the range. 

These and other similar relations suggest strongly that 
lunar craters were formed by the same cause as shell holes 
or the excavations at Oppau—in other words by explosions. 
It is not proven, of course, that the explosions were caused 
by the impact of meteorites, but meteorites are the only 
known cause which would produce sufficient energy. It can 
be calculated that a meteorite of a mile or two in diameter 
would be sufficient to blast out the biggest lunar crater, 
146 miles across. This would be a minor planet, rather 
than a meteorite as we know them, but it is not an 
impossible fragment for the moon to collide with. Baldwin 
suggests that the earth has had similar collisions in the 
past, but that erosion has wiped out the traces, whereas 
the moistureless atmosphere of the moon has allowed it to 
retain a record of all its violent encounters since the solidifi- 
cation of its crust. 


Communication among Bees 


THE complexities of bee behaviour have attracted the 
attention of naturalists for generations. Yet even today 
new discovery comes so fast that it is clear we are only on 
the threshold of the subject. Among the most amazing 
discoveries of recent times are those made since 1946 by 
von Frisch of St. Gilgen in Austria, concerning the methods 
by which bees who have found rich sources of nectar or 
pollen communicate their discovery to others. On return- 
ing to the hive the finder of treasure trove informs her 
comrades by means of a dance performed on the vertical 
face of the comb. Stimulated by the dance, other workers 
set out to exploit the find. If the distance from the hive is 
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less than about 100 metres, the dance is roughly circular 
in form and merely acts as a signal to go out and search 
around (Fig. 4). But for greater distances a more compli- 
cated dance is performed indicating surprisingly accurately 
the distance and direction of the find. This is the ‘waggle 
dance’ (so-called because on the straight runs the bee waggles 
its abdomen rapidly from side to side). It is roughly in the 
form of a figure-of-eight as illustrated in Fig. 5. 

The distance of the find is indicated by the speed of 
dancing. For 100 metres there are an average of 10 waggle 
runs in 15 seconds—that is, 10 figures-of-eight are com- 
pleted in 15 secorids; for 1500 metres, the average drops 
to 4:5. And von Frisch’s experiments have shown that 
the rate of dancing indicates accurately the distance of the 
food source up to about 6 kilometres (about 4 miles). 

The way of indicating direction is even more remarkable, 
Outside the hive, bees orientate themselves by the sun 
(though not necessarily by direct sunlight, as we shall see), 
Inside the dark hive, the sun is not available, and in any 
case the dance is performed on a vertical surface, the comb 
face. Here the bee substitutes for the sun the direction of 
gravity—or rather of negative gravity. If the food lies in 
the direction of the sun, the straight run of the figure-of- 
eight dance goes vertically upwards; if in the direction 
opposite the sun, vertically downwards. And similarly for 
intermediate positions, the dancer represents the angle 
between the directions of the food source and the sun by 
means of the angle between the waggle run and the vertical. 
This is illustrated in the figure, in which the hive, food 
place and sun are seen in plan view, while the dance is 
shown in vertical elevation. As Dr. W. H. Thorpe, 
summarising von Frisch’s work in Nature (July 2, 1949, 
Vol. 164, pp. 11-14), has commented, this is essentially 
an elementary form of map-making—real geographical 
directions by the sun-compass are mapped in terms of a 
chart where ‘vertical’ corresponds to ‘sun-direction’. By 
these means the discoverer can inform her companions 
of the direction of the food to an accuracy of about three 
degrees in good conditions. 

Experiments on the accuracy attained in varying wind 
conditions have indicated that the bee estimates the 
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Fic. 1.—Ribbon wrack piled up on a Hebrides shore. 


(Courtesy, Alginate Industries Limited) 


Utilising the Seaweed Harvest 





M. SCHOFIELD, M.A., B.Sc., F.R.I.C. 


IN an age in which we are driven to a more economical 
utilisation of natural resources, it is interesting to see the 
new lease of life given to the old seaweed industry asa result 
of considerable research work. The ‘harvest’ of the sea is 
nowadays a term denoting not only enormous tonnages of 
solar salt from salinas of Eritrea and Alicante and other 
places, not only modern magnesium and bromine—par- 
ticularly bromine, since lead tetrethyl became regarded as 
an essential to the great oil companies. But it also denotes 
anew and increasing harvest of an organic chemical nature, 
with agar-agar, alginic acid and alginates, and even 
‘synthetic’ films and fibres providing a modern counter- 
part to the old ‘organic’ use of seaweed in food products, 
fodder, and as textile dressing—if we are to believe old 
Pliny who referred to “the property of so fixing the colours 
as never to allow of their being washed out.’ Seaweed 
seems ever to be providing surprises whenever a more 
scientific study is made of it. In the last two or three 
decades, for example, the botanist has had his hey-day in 
following the life-histories of Irish marine algae; of Lamin- 
aria with 84,000 free-swimming spores per sq. mm. 
according to the Japanese Yendo; and of the peculiar ‘sea 
bootlaces’ with their rather romantic tropical-isle-suggest- 
ing name of Chorda filum Lamour. And now it is the turn 
of the chemist, with the pharmacist, food technologist, 
textile worker and medical man all sitting up and noting 
something new in versatile alginic acid. 

A survey of the fluctuations in the seaweed industry 
of the past, that is prior to the modern alginate and agar 
industries, is not only necessary for visualising how these 
new products come into the picture, but includes one or 
WO striking aspects of scientific discovery or invention 
having repercussions hardly imagined by academic men. 
Such repercussions will be seen when the two ‘discoveries’ 
of iodine are noted, the one in seaweed, the other in crude 
Nitric acid prepared from Chile saltpetre. In seaweed 
history Japan had an early say in the subject, with centuries 
of utilising it leading to almost a world monopoly in agar 
Production—until the 1940's. In the Far East seaweed 


for food and as fertiliser was of wider significance than 
corresponding uses in Scotland, Ireland, Wales and 
Brittany. 

Our studies by Alginate Industries Limited, by the 
Scottish Seaweed Research Association and by the Gael- 
tacht Services in Eire of such problems as resources of 
shore and sub-littoral weeds, the engineering aspects such 
as landing, pressing, drying and milling seaweed, and 
chemical aspects of extraction, have had their counterpart 
in Japan, where the botanist Yendo reported on ideal 
conditions for ensuring an annual harvest of each type of 
seaweed, and on such problems as removing an under- 
growth of Phyllospadix which smothered young Laminaria 
plants. Japan, China and Malaya had their seaweed foods, 
their soups and vegetables with a wide usage; in Britain 
and Northern Europe we adopted them on a lesser scale. 
“‘Wha’ll buy dulse and tang?’’, “‘ladies’ tresses’ and 
“fingered tangle’, South Wales laver and Irish carrageen 
moss, and ‘sea lettuce* (U/va latissima)—all these are known, 
as was an Irish ‘blanc mange’ prepared long before agar and 
alginic acid became prominent in the food industries. More 
recently, carrageen played its part in the hard rations of the 
Channel Islanders, when seaweed gathering, in face of the 
heavy mining of shores by German occupation forces, 
meant that vegetable soup could be thickened with ‘carra- 
vita’ or dried carrageen. And yet all this food value, as 
distinct from agar and alginates as protective colloids in 
food industries, is dubious despite a centuries-old belief. 
Though Laminaria saccharina and Alaria esculenta store 
sugars, though the polysaccharide laminarin (C,H,,O5)p 
yields glucose on conversion with acids, we have little proof 
that the human body can digest or utilise such constituents. 
But seaweed as fodder is a different story, with one or two 
absorbing points included. We hear of primitive Shetland 
sheep in seasons of pasture scarcity reverting to a diet of 
seaweeds, which means to the oldest of fodder according to 
the biologist’s belief that seaweeds from shallow shores 
became the first primitive land plants. In Scotland boiled 
Pelvetia weed is added to oatmeal in feeding young stock, 
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some seaweed is used in silage, and dried seaweed meal is 
also used. Yet in reports of New Zealand cattle benefiting 
from seaweed strewn on poor pasture and of seaweed meal 
improving health and fertility of American cattle and 
poultry, we must bear in mind the role of minerals and 
especially iodides introduced in seaweed. 

Turning to the development of inorganic chemical 
products from seaweed, the preparation of soda or sodium 
carbonate forms an important chapter in chemical history. 
Potash in seaweed ash had long been known in agriculture 
as crofters and cottars of Hebrides and elsewhere carried 
on kelp-burning in part to provide a fertiliser. But sodium 
carbonate from seaweed, before the Leblanc process 
banished its extraction and was then in turn superseded 
by Solvay’s perfecting of the ammonia-soda method, 
proved more important than potash, since wood ashes pro- 
vided the latter. Because of the kelp industry common soda 
is even more a British affair than is commonly realised from 
studying the struggles of our great alkali industry in the 
Lancashire, Cheshire and Worcestershire areas. Before 
Leblanc succeeded in making soda, Scottish kelpers could 
not keep pace with demands. Prices rose to £20 a ton; in 
one vear as much as 20,000 tons were sent from the 
Hebrides, much to be worked up in twenty Glasgow factor- 
ies. Soda for soap and glass-making brought prosperity 
to kelpers, until Spanish barilla soda imported at a much 
lower price, followed by the repeal of the salt tax and then 
Leblanc’s process as final blow, brought an end to kelp 
soda and to the kelper’s fortune. 

But then came iodine, seaweed iodine discovered by 
Courtois thirty years before iodine was detected in Chilean 
nitrate deposits and Lembert, lecturer at Lyons, discovered 
iodine in his nitric acid prepared from Chile saltpetre. 
Courtois used seaweed ash (varec or vareck in France, 
c.f. wrack in Scotland) in an intermediate stage in saltpetre- 
making. Calcium nitrate from artificial nitre-beds he 
boiled with soda, then converting the sodium nitrate into 





Fic. 2.—The common bladder wrack, Ascophyllum nodosum, is a 


good source of alginates. 
(Courtesy, Messrs. Albright & Wilson Ltd.) 
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the potassium salt, in order to avoid losses of potash 
when using the older method of reacting direct with potash, 
Thus came a stroke of luck or smile from fortune: for if 
Courtois had continued using wood ashes alone instead of 
seaweed soda, he would never have discovered iodine. 
Cleaning out his pans by warming with vitriol, a beautiful 
violet vapour rose up and condensed on the cooler parts 
of his saltpetre pots. The rest of the story is a classic, 
Courtois, like Leblanc, went to a pauper’s grave; Clement 
and Désormes dabbled with the new iodine and gave some 
to Gay-Lussac; and then arose that thorny controversy be- 
tween Gay-Lussac and our own brusque Humphry Davy 
as to who recognised iodine as non-metallic element. Davy 
had sailed past the French fleet to France, since philoso- 
phers were not at war even if nations were; and he had used 
his portable apparatus to have a look at the new iodine 
just as everything else was as fish that came to his net. 
Stromeyer of GOttingen made iodine from Spanish barilla; 
Dr. Ure of Glasgow first made iodine from the kelpers’ 
harvest. Instead of gathering Fucus vesiculosus and Fucus 
serratus rich in soda, the new industry was served by the 
gathering of drift kelp like Laminaria digitata or tangle, 
that is, types never exposed at low tide but torn from 
rocks during storms. Within the last few years the Irish 
government factory in Galway introduced a system of 
payment by results, whereby kelpers ceased to burn dead 
wrack (of low iodine content) collected along the shore, but 
cut Laminaria from deeper waters by the rocks. Yet 
iodine, after bringing relief to an industry based on sea- 
weed, an industry which had suffered setbacks from 
Leblanc soda and Stassfurt potash, had to take a back 
place since Haber’s synthetic ammonia caused Chilean 
nitrate interests to look to a more efficient production of 
iodine. Efforts to improve extraction processes for seaweed 
iodine have continued, however, ever since the pioneer E. C. 
C. Stanford introduced his carbonisation method for con- 
verting the raw material into a porous charcoal from which 
the whole of iodides could be extracted. Our 
Fuel Research Board continued this study in 
1924. In the United States, vertical retorts at 
a Californian experimental station success- 
fully dealt with 100 tons wet weed per day 
to yield 0-03 tons iodine. (A ton of iodine 
goes a long way; the annual Chilean output 
is only 1000 tons.) And yet the decline has 
gone on, with only Eire, Japan and France 
keeping their faith in the inorganic side of 
the seaweed industry. France in particular 
holds on to the iodine given to the world 
by Courtois. The Société Industrielle de 
l’Algue-Marine, for example, took to a new 
path by extracting soluble iodides with 
water, then precipitating the whole of the 
iodine as cuprous iodide by adding coppet 
sulphate as well as a reducing agent. French 
patents up to 1948 for more efficient 
extraction of iodine from marine algae 
also indicate where seaweed iodine still 
survives. 

With the eclipse of soda and potash and 
decline in iodine, the seaweed industry has 
gone over to the field of organic chemistry 
with striking successes to record since 1934. 
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Of the four classes of algae known as Red, 
Brown, Green and Blue-green according to 
the pigment masking their chlorophyll, the 
first two take most attention for extraction of 
polysaccharides. The organic chemist will 
tell you that red algae like carrageen yield 
products like agar based on galactose resi- 
dues, that dulse includes a xylan from xylose 
differing from the xylan in wood; and that 
brown algae include alginic acid, laminarin, 
mannitol, fucoidin and low-grade cellulose. 
The new industry set about preparing two 
types of mucilaginous extracts before exact 
constitution of such products had been 
fixed. From red algae a subsidiary mucilage 
or unrefined extract went into adhesives and 
sizes for paper and textiles; but the main 
development is the controlled product agar 
believed to be a sulphuric ester of galactan 
(though Irish agar has too low a sulphate 
content for this). Brown algae, on the other 
hand, yields on extraction with sodium car- 
bonate and then acidifying, alginic acid, 
first named by pioneer Stanford as far back 
as 1883 yet only adopted by industry after 
C. W. Bonniksen and his co-workers cham- 
pioned it fifteen years ago. 

To consider agar first, we see in this case a striking 
example of wartime urgency giving rise to develop- 
ments which broke a Japanese monopoly. Agar is an im- 
portant medium for bacteriological cultures, being in con- 
siderable demand in connexion with the routine testing of 
penicillin and the identification of infectious bacteria. Criteria 
looked for in such a medium are: it must give a clear solution 
inhot water, yield firm jellies withstanding ordinary incuba- 
tion temperatures of about 37°C. and inoculation with a 
platinum loop, and obviously must favour growth of 
cultures. Since such red algae as Gelidium amansii are not 
found around our shores but only in the temperate and 
sub-tropical Pacific regions, Japan had found little com- 
petition in providing 90°, of the world’s total agar, with 
4 million Ib. produced annually by a crude extraction of 
sun-bleached weed. On cooling the extract, setting to a 
jelly, then freezing strips of this and partially thawing them, 
the aqueous layer carries off most impurities, leaving agar 
Or ‘gelose’. In the United States, Australia and New 
Zealand, agar manufacture based on this freezing method 
has become established, though with more efficiency in 
using Gracilaria confervoides, red seaweeds yielding agar of 
greater strength and elasticity but with more varying 
gelation points than agar from Gelidium. The weed col- 
lected may be dried on racks of wire-netting, though at 
times artificial drying is used as in the case of other vege- 
table raw materials processed by American methods. 
Extraction follows in steam-heated digesters, the filtered 
extract being gelled, frozen in cans, and the residue, after 
thawed liquor has drained away, yields flakes which go 
lo tunnel driers. Activated carbon has been adopted in 
Australian agar manufacture for clarifying extracts. Such 
agars, particularly the New Zealand product, give clearer 
Solutions with up to 2C. higher gelation point than the 
Japanese agar, yielding approximately 33° of dried weed. 

British agar has been developed in face of the lack of 
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Spools of soluble alginate yarn and all-worsted fabrics 


weighing only 14 oz. per sq. yd. woven on a scaffold of the yarn 


which is dissolved out after weaving. 
(Courtesy Alginate Industries Limited) 


both Gelidium and Gracilaria, thanks to pioneering work by 
Dr. Orr and Dr. Marshall of the Marine Biological Station, 
Millport, and by Professor L. Newton of Aberystwyth. 
Raw materials used are Gigartina stellata and Chondrus 
crispus (or carrageen or Irish moss), from the coasts of 
Scotland, Eire and the Channel Isles. In a new factory 
at Acton the wartime work of Messrs. Paine and Byrne has 
been taken to full-scale production of agar by Fine Indus- 
trial Commodities, Ltd. In this case the freezing technique 
is not used. Raw seaweed is washed with mechanical 
stirring, then passed to perforated drums within extraction 
tanks, where steam heating without excess pressure yields 
an extract which is passed to filters. Pressure heating of the 
liquor ensures formation of the true agar solution, the 
converted liquor being decolorised, filtered, concentrated 
under vacuum, and roller-dried between chromium-plated 
rollers. This British agar yields jellies without the use of 
boiling water (80° C. is sufficient)—hence its value in easily 
prepared food products like jellies and blancmanges. 
Some forms of British agar have a mineral content, chiefly 
potassium chloride, included in the gel network, though 
this seems to have no deleterious effect on bacteriological 
cultures. Agar produced under such controlled conditions, 
it should be noted, finds applications outside the laboratory. 
In the food industries it is a substitute for pectin in jam- 
making, a thickening agent for soups, a substitute for 
gelatine in meat-canning and in the ‘pork’ pie. Here it is no 
inferior substitute; for, as Sir Jack Drummond has empha- 
sised, the gelatine in ‘calves foot jelly’ for invalids and 
considered to denote ‘goodness’ in cooked meats is lacking 
in those three essential amino-acids, tryptophane, tyrosine 
and cystine. As an emulsifier or protective colloid in 
pharmaceutical preparations, sauces and creams, it 
appears as alternative to the wider use of alginates. 
Alginic acid, named by Stanford and championed by 
Bonniksen, is now the prized product of seaweed industries. 




















EXTRACTION OF AGAR 


Fic. 4.—Raw Scottish and Irish seaweed before processsing. 
Fic. 5.—The seaweed in the washing tank. 


Fic. 6.—A perforated drum which extracts the agar by 
steam heating. 


Fic. 7.—The agar goes into an evaporator the top of which 
is shown in the photograph. 


Fic. 8.—Pulverising and packing the agar flakes. 


(Photographs by courtesy of Fine Industrial Commodities Ltd.) 
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So much is this the case that only in Eire was iodine 
extraction along with alginic acid persevered with, when in 
| Galway experiments seaweed was rotted in tanks despite 
+ higher labour costs and slower operation, simply because 
' rotted weed served for both iodine and alginic acid pro- 
duction. Alginic acid opens up the field of pyran chemistry, 
that is, of pyranose ring structures of 5 carbon atoms and 
one oxygen atom, just as furfural from the Quaker Oats 
Company brought applications in furan chemistry (four 
C atoms and one O in ring). The acid is one of the longest 
chain polymers provided by Nature, being a chain of 
pyranose rings linked by oxygen atoms as in the structure 
of cellulose, though with reactive groups of COOH as in 
common organic acids. Though insoluble itself, the 
potassium, sodium, magnesium and ammonium salts are 
soluble; hence the extraction with dilute soda solution, 
when the tissues of Laminaria (or the Ascophyllum nodosum 
orcommon bladder wrack collected from rocks) undergo a 
swelling, after which the resulting dilute sodium alginate 
isfiltered through cloth. Even the sodium alginate gives very 
viscous solutions, viscosity depending not only on strength 
but on degree of polymerisation of the alginate molecule. 
First preparations of alginates beyond the laboratory 
scale had as aim the production of Cefoil transparent film, 
this following the discovery that an alkaline alginate mixed 
with a small proportion of tannic acid gels to a mass which 
when poured on to glass or other polished surface gave a 
cellophane-like film, less liable to embrittlement in light 
than is cellophane and also non-inflammable. A film of 
sodium alginate may also be exposed to hydrogen chloride, 
thus forming insoluble alginic acid on the surface. A second 
early use was in dressing textiles, the fabric being passed 
through a dilute acid solution to give a permanent, water- 
proof dressing. Alginates in special textiles became so 
promising during the war years that three factories were 
built in Scotland by the Ministry of Supply. At this period 
the striking property was utilised of sodium alginate form- 
inghighly viscous insoluble masses with calcium, chromium, 
or beryllium salts according to the proportion of precipita- 
ting ion and the nature of this. Hardening with formalin 
was also included; and other possibilities were recognised 
like the formation of long chain molecules susceptible to 
contraction and thus giving a ‘crimping’ effect. An early 
yam was spun into a bath including formalin and furfural, 
while the Japanese claimed an artificial wool from seaweed 
in which the spun thread was crimped. (Such activities 
of the Toho Artificial Fibre Company raised the question 
of seaweed foods being curtailed in Japanese economy.) 
| One must distinguish two uses of calcium alginate yarn 
in textiles. The first, turning an apparent disadvantage to 
use, is as transient fibres for making astrakhans, crépes and 
pile fabrics, the calcium alginate threads disintegrating in 
Subsequent alkaline scouring or soap solutions. Mohair 
and calcium alginate rayon are thus twisted together, the 
mohair fed at a faster rate and thus wrapping around the 
calcium alginate, so that in alkaline scouring the ‘astrakhan 
effect” or even loops for towelling can be produced when 
the alginate is dissolved. The second type of use is as 
Petmanent yarn for compound fibres with other textiles 
and in binding together pile fabrics; in this case calcium 
alginate is hardened in an acid formalin bath or with 
chtomium acetate. Chromium alginate is bottle green, 
inapplicable for colourless textiles, but suitable for dyeing 
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as expected with chromium so common in mordants. 
Beryllium alginate, pure white and with a tenacity up to 
2-4 gm. denier, is ideal in many textiles, though beryllium 
is still expensive. Apart from calcium alginate being 
adapted for astrakhans and crépe textiles, it proves invalu- 
able as supporting fibre for wools too fine to be woven 
directly. Like agar, sodium alginate is a ‘thickener’, used 
also in the textile trades. In sizing, thickening, finishing 
and printing colours a 2°, sodium alginate solution has 
a viscosity equal to a 30° dextrin or 20°, gum arabic, 
while with starch paste it is cheaper than gum tragacanth. 

Even wider uses of alginates are being found outside 
the textile world. In surgery an alginate solution applied 
to a wound stops bleeding because of calcium in the blood 
stream, causing precipitation of calcium alginate. Pure 
alginates are so harmless that internal lesions may be fixed 
with an alginate dressing which ts ultimately absorbed with 
no ill effects. Protective alginate films can be removed from 
burns, etc., without hurting the patient. In dentistry 
alginate substitutes for tinfoil in processing dentures, as 
material for taking impressions, and as adhesives, add to 
the list. In pharmaceuticals, foods, polishes and emulsions 
viscous sodium alginates are fully established as thickeners, 
gelling agents and protective colloids. Applications are of 
far greater variety than with agar, since we are dealing here 
with various alginates of fixed purity or physical proper- 
ties. In foods sodium alginates like “Manucol’ may react 
with calcium in milk to give the consistency of custard, 
or give essential properties to reconstituted creams. Most 
of British ice cream and nearly all American ice cream has 
a closer relation with the seaside than is commonly sup- 
posed! Chocolate preparations, fruit squashes free from 
thick sediment, bakers’ emulsions, sauces, soups, jellies 
and other everyday commodities are thickened and stabi- 
lised with alginate. After toothpastes, liquid soaps, dis- 
tempers and lotions, comes one very successful use, that 1s, 
of ammonium alginate as the most efficient creaming agent 
for rubber latex even in solutions as dilute as 0-15°%. 

The seaweed industry outside France, Japan and the 
Soviet Union (surrounded by an iron curtain) is thus an 
organic chemical industry with old iodine almost out of 
the picture. With laminarin and possibly other organic 
extracts awaiting development, the future of this harvest 
from the sea is certainly bright. 





The Romance of Wheat 


A GOLDEN THREAD THROUGH HUMAN HISTORY 





A. J. BATEMAN, Ph.D. 


IN 1924 Karpechenko, the Russian scientist, created a 
sensation in the world of biology by obtaining a fertile 
hybrid between Radish and Cabbage, two distinct genera of 
plants. He was not the first man, however, to obtain fertile 
intergeneric hybrids. Modern research has shown that 
Bronze Age man had done it before him and that all our 
modern bread wheats arose in this way. A similar wheat 
hybrid must have arisen also at a very much earlier date, 
probably during the Neolithic period, though early man 
was less conscious than Karpechenko of what he was 
about. The Russian made the cross deliberately, whereas 
early man doubtless merely let it happen naturally. But 
both of them had to rely on a lucky chance for the sterile 
hybrid to become fertile. Nowadays, plant breeders do not 
have to wait. Since the simultaneous discovery of the use 
of colchicine by the Americans Blakeslee and Nebel, sterile 
hybrids can be converted into fertile ones at will. How is 
this done? It will be necessary to discuss a little fundamental 
cytology before I can explain this. 

Sexual reproduction depends on the formation of sex 
cells by a very special process, the reduction division. 
Most plants are diploid, that is each cell has the basic set of 
chromosomes represented in duplicate. If x is the number 
of chromosomes in this basic set the diploid plant can be 
symbolised as 2x. Reduction division involves the separa- 
tion of these two sets to produce the sex cells with only one 
set, so that when the sex cells fuse the normal diploid num- 
ber is restored. As might be expected, this reduction in 
number is a complicated process. It involves the pairing 
up of similar chromosomes from each set to form x pairs. 
These pairs of chromosomes separate in a very regular 
manner so that each daughter cell following the division 
of the mother cell has one complete set. Now in the 
hybrids between genera and species which are not very 
closely related, the chromosomes of one species are rarely 
able to find one from the other which is sufficiently similar 
for pairing. Consequently the chromosomes are distri- 
buted in an irregular way to the sex cells which are un- 
balanced to the extent that they cannot function. This is 
the main cause of the sterility of hybrids from crosses 
between widely separated species. 

Now if it were possible to make every chromosome in 
such a sterile hybrid divide once without the daughter 
chromosomes separating into daughter cells, every cell 
subsequently produced from it would have 4x chromo- 
somes and each chromosome would have an identical one 
to pair with at reduction division. The sterile hybrid would 
become fertile. This occurs spontaneously but infrequently 
as it did obligingly for Karpechenko and Bronze Age man. 
But colchicine enables the plant breeder to do it at will by 
treating the seed or other plant tissue with a very dilute 
solution. Colchicine is thus a recipe for the production of 
hosts of new man-made species. 


The History of Wheat 


Wheat (botanists call it Triticum) is a genus of grass. 
The earliest wheats did in fact look much more like 





ordinary grass than do their modern descendants. The 
seeds were a little bigger than most grasses but very much 
smaller than our present-day wheats. These archaic wheats 
belonged to the species Triticum monococcum or Small 
Spelt. It is a diploid (2x) species with 14 chromosomes 
(x = 7). Awild form grows today in South-West Asia, an 
area which is as important in the history of wheat as it is 
in the history of civilisation. There is probably a very 
close connexion between these two facts, man’s ability 
to create civilisation depending on his staple food, wheat. 
Civilisation was only able to develop when agricultural 
land became able to support not only the man who tilled 
it but landlords and slave-owners as well. 

At one time Small Spelt was the predominant culti- 
vated wheat, and this was so up to Neolithic times. Today 
it is only grown by the most backward peasants on the 
poorest soils of the Mediterranean region, and then only on 
a small scale. It is more tolerant of poor cultivation than 
our modern wheats but its yield on fertile soil is much less. 
Another feature is that it is not free-threshing. This means 
that the ear is brittle and breaks up into small sections each 
of which contains one or more grains to which chaff is 
strongly attached. All modern wheats are free-threshing, 
the grains separating readily from the chaff. 

It is a matter for some surprise that rye, which is a 
diploid and as ancient a species as Small Spelt, is only of 
recent cultivation. It is large-grained, free-threshing, and 
high yielding as well as tolerant of poor soils. It is obvi- 
ously so much superior to the diploid wheat which once 
was sown for preference (for rye occurred as a weed in the 
wheat in S.W. Asia). It is probable, however, that the rye 
which was a weed in fields of 7. monococcum was much 
smaller grained than it is to-day. Vavilov has proposed 
that rye evolved with the wheat with which it grew by the 
same process of selection as applied to the wheat, i.e., for 
larger and larger grains. As the area of wheat cultivation 
spread northwards the climate and soil became less suited 
for wheat and more suited for rye and only then was the 
value of the unconsciously selected rye appreciated. 

Another weed of wheat fields in Persia, Afghanistan, 
Turkestan, Syria and Palestine is the grass Agropyron 
triticeum. It has wheat-like ears with very small grains 
which are, however, free-threshing. The next stage in wheat 
evolution seems to have been the spontaneous crossing of 
T. monococcum to A. triticeum and the unconscious selection 
of the spontaneous 4x fertile hybrid called Emmer Wheat. 
Systematists call it Triticum dicoccum but it is equally 
entitled to be called Agropyron dicoccum or better still 
Tritipyron dicoccum. The name dicoccum refers to the 
fact that each spikelet produces two grains instead of one 
as in monococcum. 

Emmer Wheat is very old. It was grown in Egypt before 
5000 B.c. The expert’s guess is that it arose during Neo 
lithic times. It probably quickly displaced Small Spelt for 
it was higher yielding and with much larger grains. Today, 
however, it persists as a relic just like its predecessor. It 
was displaced by other 4x wheats. The 4x wheats have bees 
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under large-scale cultivation for a longer period than any 
others and consequently have diverged along many paths 
by selection. Systematists give many of these paths 
different specific names. Thus there are 7. polonicum 
(Polish Wheat) 7. turgidum (Rivet Wheat) 7. durum 
(Macaroni Wheat). All these are perfectly inter-fertile 
with one another and with Emmer Wheat from which 
they are probably derived by selection. 

Macaroni Wheat is second only to common Bread Wheat 
in extent of modern cultivation. It is an important crop 
in the Mediterranean area, North Africa and South-West 
Asia, and small amounts are grown in other warm dry 
parts of the globe. It is much better suited to drought than 
Bread Wheat and is highly disease-resistant. Rivet Wheat is 
comparable to rye in that it is higher yielding than most 
wheats and tolerant of poor soils, though it is not very 
winter hardy. The flour is good only for biscuits or fodder. 
It was widely cultivated in England in the sixteenth and 
eighteenth centuries but has gone out of vogue, probably as 
a result of the Industrial Revolution which caused British 
agriculture to lose its interest in self-sufficiency. 

Another 4x wheat which was discovered only recently in 
the Caucasus is 7. timopheevi. It seems to have arisen 
independently of the others, possibly as a result of crossing 
between Small Spelt and a species of Agropyron other than 
triticeum. It is not inter-fertile with the other 4x wheats. 

There is an extinct form of 4x wheat which is of impor- 
tance in the origin of modern wheat. It was a free-threshing, 
compact-eared form grown by the Lake Dwellers of 
Switzerland until Roman times. 

Here it is necessary to bring in another wild grass species, 
Aegilops squarrosa. It does not even occur as a weed of 
wheat but it also grows in S.-W. Asia. Some time during 
the Bronze Age it must have crossed with Emmer Wheat 
growing in that area to produce the first 6x wheat, T. spelta 
or Spelt, with longer ears and more grains than any 4x 
wheats. (It has still less right to be called a Triticum than 
its parent Emmer.) It probably arose on the northern 
slopes of the Caucasus or in the Crimea, the only two areas 
of the Aegilops squarrosa distribution which are cut off 
from the rest of Persia by any physical barrier. Otherwise 
it is difficult to understand why it was never grown in 
Persia and was introduced into Europe via Russia, Ger- 
many and Scandinavia. In those parts of Europe where it 
is still grown the local names of Spelt are often suggestive 
of this Northern route. Thus the Spanish name is ‘escandia’ 
implying that it was introduced from Scandinavia. It is 
not mentioned by the Romans until 300 A.p. so that it 
seems probable that they only got it via the Goths and 
Vandals. Who knows but that their monopoly of 6x wheat 
contributed to the superiority of the ‘hordes’? 

This story is the best substantiated so far of the past 
history of wheat, for the researches of McFadden and Sears 
in America and Kihara in Japan provide very strong evi- 
dence of the origin of Spelt. McFadden and Sears even 
synthesised Spelt or something very much like it in 1946 by 
artificially crossing the grass Aegilops squarrosa with 
Emmer Wheat and treating the hybrid with colchicine to 
restore fertility. 

As has just been implied Spelt is not important in 
modern agriculture in spite of its recent ancestry. Its 
inferiority lies particularly in its brittle rachis and non- 
free-threshing habit. The modern common bread wheat 
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has doubtless arisen from Spelt in recent times (the evi- 
dence is in the early A.p’s), but just how it happened is not 
very clear. McFadden and Sears are inclined to think it 
arose from the transfer of the ear characters and free- 
threshing habit from the ‘Lake Dwellers’ wheat (4.x) which 
has already been mentioned, into the 6x Spelt by hybridisa- 
tion. It must have been an immediate success as it has 
since become world-wide. Up to the 4x stage Europe was 
indebted to Asia. Now it is the reverse. There is every 
reason to believe that the bread wheats of Asia have been 
introduced from Europe in very recent times. Even in 
Egypt 7riticum vulgare, as it goes among botanists, was not 
grown until the nineteenth century! 


The Future of Wheat 


It is only natural to suppose that since wheat has pro- 
gressed from the small wild diploid species to its present 
state by the process of intergeneric crosses followed by 
chromosome doubling, the major future improvements in 
wheat will be obtained in the same way. 

Thinking along these lines the Russian Zhebrak made 
crosses between the newly discovered 7. timopheevi and 
other unrelated 4x wheats (1939) and 6x wheats (1943) to 
produce entirely new wheat species 7. soveticum (8x) and 
T. borisovi (10x) respectively. It is too early to say whether 
these wheats will be advances on T. vulgare in the way it 
itself was an advance on its 4x ancestors. It should not be 
thought, however, that the 6x and 4x wheats were born in 
the highly developed state by which we now know them. 
Much selection was probably necessary before a satis- 
factory product was obtained. However there is some hope 
that the disease resistance of 7. timopheevi may be obtained 
in the new synthetic species. 

Zhebrak’s example of the use of 7. timopheevi in obtain- 
ing new wheats could be repeated indefinitely. McFadden 
and Sears have suggested that attempts be made to re- 
synthesise new 6x wheats using species of Aegilops other 
than squarrosa, and various kinds of 4x wheats. Again it 
might be possible to synthesise new 4x wheats from 
crosses between 7. monococcum and other 2x grasses. 
Various important properties, particularly tolerance of 
specific climates and soils and disease resistance, might be 
obtained in this way. 

Another line of development has been the production 
of 8x wheat-rye hybrids. One was first made in 1935 by 
the German Rimpau but this has been repeated in many 
countries including the U.S.A., the U.S.S.R. and Holland. 
Miintzing in Sweden seems to have got nearest to an 
economic proposition. The object has been to combine the 
high yield and soil tolerance of rye with the baking quall- 
ties of wheat. A priori, of course, one would be just as 
likely to produce a combination of the relatively low yield 
of wheat with the poor quality of rye, and many crosses and 
selections must be made before finally obtaining the desired 
types. The Swedes are hoping to get commercially satis- 
factory strains within a few years. These wheat-rye hybrids 
are known as ‘Triticale’ (from Triticum, wheat and Secale, 
rye). 

While wheat has been undergoing hybridisation and 
chromosome doubling under the appreciative eye of man, 
and lately with his direct intervention, its wild grass rela- 
tives have been doing exactly the same on their own, and 
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A parallel series of crosses has been made 
using Agropyron species the first of which 
was made by Tsitsin in 1931. Agropyron 
glaucum (6x), one of the grasses used in these 
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——__ crosses, seems to have one or more ancestors 
| in common with bread wheat for some of 
| the chromosomes of the undoubled hybrid 

pair off and it is partially fertile. In their 

efforts to get perennial wheats Tsitsin and 
his co-workers have crossed these hybrids 
back to wheat for several generations. 

Some of their strains have been promising. 
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In 1946 it was reported that perennial 
wheats had been obtained which outyielded 
the standard wheat variety in their first year 
though the quality of the grain was inferior. 
The main defect of these wheats considered 
as perennials is that the yield for the second 
year is never as high as the first and becomes 
lower in each successive year. They would 
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only be economic if large areas were being 
developed with very little man-power. 

In Canada and the U.S.A. the same crosses 
have been made in order to get, not wheats 
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but large-grained forage grasses which would 
establish themselves more rapidly. Using 
12x hybrids sufficiently promising results 
have been claimed to warrant the planning 
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of large-scale production and testing further 
hybrids. 

It is rather early yet to assess the possi- 
bilities of these wheat-grass hybrids. It is 








only to be expected that many different 
crosses must be made to get the most useful 


Fic. 4.—The pedigree of wheat. Each compartment represents a 
multiple of the original 2x (14) chromosomes. A species of cereal is 
represented by a single circle. Common names are given in block 
letters. Where these do not exist, the botanical name is given with 
the specific name in small letters and the generic name abbreviated 
thus: T. for Triticum, A. for Agropyron, Ae. for Aegilops and E. for 
Elymus. The approximate date (where known) at which a species has 
arisen is given within the circle. Ancestry is represented by lines 
entering a circle at the top; derivatives by lines issuing at the bottom. 
Supposed spontaneous origin is shown by thin lines; man-made 


one and that even then further selection will 
be required before a crop of first-rate agri- 
cultural value is obtained. The paucity of 
revolutionary introductions should not cause 
us to give up hope at this early stage. British 
workers at Cambridge are now experiment- 
ing along similar lines. 

Even, however, if it should prove impos- 


crosses are shown by thick lines. Where the origin is unknown 


broken lines are given. 


just as successfully. In the genera Aegilops and Agropyron 
many of the dominant species have 4x, 6x and even 8x 
constitutions. A similar situation exists in Elymus, a 
related grass not mentioned so far in this article. 

A series of crosses has been made by the Russian 
Tsitsin between 6x wheat and 4x Elymus condensatus. 
This species has very large ears and grows on sandy waste 
land. It was hoped to obtain from this cross a high 
yielding wheat suitable for growing on hitherto valueless 
land. An economic wheat from this source has not yet been 
reported. In America similar crosses have been made with 
different objectives. A 10x E/ymus-wheat hybrid is reported 
from Kansas which is proving very successful, not as a 
Wheat but as a rapidly growing forage grass for colonising 
forest clearings. It has been christened ‘Michels grass’. 


(Original Drawing) 


sible by further hybridisation to revolutionise 
agriculture with new wheat species to oust 
the present bread wheat from its dominant 
position, the present lines of research will 
have been well worth while if they succeed in producing 
wheat forms able to colonise new areas and forage grasses 
with greater luxuriance. 
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Fic. 1.—Schematic lay-out of District Heating scheme. The consumer units (e.g. houses, factories, cinemas) 
are Shown shaded. Steam is generated at the main station. In the bottom half of the diagram the steam is 


seen being piped directly to the consumers. 


In the top half of diagram topography demands the use of 


steam as the primary source: this is used to produce hot water at a sub-station for subsequent distribution 
to consumers. 
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EDWARD WARD, B.Sc., Ph.D., A.R.I.C. 


IN Great Britain we are all too familiar with technical 
developments which began with pioneer work in this 
country, followed by neglect until the ideas are taken up 
abroad and developed successfully. Prof. Ramsay’s sink- 
ing of an experimental shaft in Co. Durham to study 
underground gasification of coal which failed to secure 
practical application until it was taken up in the U.S.S.R. 
is an example in the field of fuel and power, and the history 
of District Heating in Great Britain provides another in 
the same field. The analogy cannot be pushed too far 
since, whilst the first attempts in Europe to supply heat as 
steam or hot water from a central source in urban areas 
(now known more familiarly as ‘District Heating’) were 
made in Manchester in 1911, these were preceded by con- 
siderable developments in the U.S.A. Nevertheless 
looking back now one regretfully examines the apathy and 
lack of imagination towards early British developments 
shown on the part of responsible authorities and the oppor- 
tunities that were missed to improve domestic heating 
standards in this country (which would at the same time 
have benefited the country’s economic position generally). 
Following the Manchester scheme, which was to supply 
heat and hot water to commercial premises from an 
electrical generating station, came a proposal in 1912 to 
heat a housing estate in Dundee from a central plant. Due 
to the First Great War this proposal could not be imple- 
mented until 1920, in which year also small estates in 
Manchester were centrally supplied with hot water. Since 
then, apart from a few colliery companies which supplied 
heat to local housing and the application of the principle 
of District Heating to large-scale industrial premises, 
there has been almost no activity at all in the field in this 
country until the years following World War II. 

Public interest in the idea has really been aroused now 
and, aided by a sympathetic Government outlook, a 
number of local authorities have taken the plunge by 
embarking on new estates incorporating District Heating 


services. The incentives behind these schemes are partly 
a desire to raise domestic heating standards, but more 
important the need to achieve a higher standard of effici- 
ency in fuel utilisation in this country. Up to now efforts 
to meet industrial demands for coal and extend coal 
exports abroad have been largely concentrated in the 
direction of increased output rather than releasing coal 
for export by more efficient utilisation. Yet it has been 
claimed (G. E. Foxwell, Discovery 1947, p. 178) that up 
to 70 million tons could be saved annually by the applica- 
tion of existing knowledge alone, 15 to 27 million tons 
being varying estimates of the amounts that could be saved 
annually on the present domestic consumption of 55 
million tons. At the moment coal for domestic purposes 
is used with an efficiency of 15 to 25%, so it is obvious 
that here is an immediate opportunity to effect vast 
economies in coal consumption. On this point Prof. F. E. 
Simon in reviewing the world power situation (DISCOVERY, 
Feb-Mar. 1949) said that the first step in improving our 
power utilisation must come in the field of heating and 
insulation of houses, and claimed that the prime necessity 
was to abolish the open fire. Other authorities have 
condemned the open fire on the grounds of the smoke 
pollution and fog nuisances that arise from its widespread 
use. Yet, despite all these technical arguments against the 
continued use of the open fire, there still exists the strongest 
prejudices in its favour and these must be overcome if we 
are to solve our fuel and power problems. 

The most important method of improving our domestic 
heating is by the application of District Heating on the 
widest possible scale. It is probable that up to 10 million 
tons of coal can be saved annually in this way. However, nol 
only will the application of District Heating effect this vas! 
reduction in coal consumption but numerous other advan- 
tages will follow with it. As indicated already smoke pollu- 
tion and fog nuisances will be abated considerably, a poitt 
that much impressed the official British delegation that 
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Fi. 2.—An English example of District Heating. In this rubber factory all the steam and hot 
water used for process work is supplied from Leicester City power station. About 23,000 pounds 
of steam are supplied hourly at two pressures, 65 and 110 Ib. per sq. in. (Courtesy, Dunlop 


Rubber Co.) 
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toured the U.S.A. in 1947 to investigate District Heating 
developments over there.* These improvements will be 
further strengthened by linking into the District Heating 
schemes industrial plants, cinemas, schools, hospitals, etc. 
In fact it is in the industrial centres where District Heating 
will have its best chances of succeeding since the intensive 
consumer usage provided by large-scale industrial plants, 
hotels, cinemas, etc., is very favourable to its economic 
working. 

In the home the effective living-space will be increased 
since all the rooms in the house will be heated and continu- 
ously available, instead of the present position where only 
the room with the open fire can be adequately used in the 
winter months. The housewife will have continuous sup- 
plies of hot water available, while rooms will be drier and 
there will be much less cleaning to do; she will have no 
ashes to remove, no coals to bring in and no stoking to do; 
neither will there be any need for the chimney sweep. 
Like the American housewife she will find that her bills 
for decoration will be reduced by two-thirds or more. 
In areas served by District Heating communal laundry 
services will certainly be provided. Yet with all these 
additional services provided, it is more than likely that her 
bills for fuel and power will be Jess than formerly. 

This by no means exhausts the advantages of District 
Heating. Many of these are not obvious at first sight, like 
the fact that there will be no need to provide grates, 
chimneys or cellars, neither will there be need for collecting 
ashes. In this way the capital charges for housing will be 
reduced although this will be offset to a large extent by the 
capital charges for constructing the District Heating 
scheme and installing heating appliances in the houses. 
Less personal clothing will be needed in the house (winter 
woollies are largely unknown in the U.S.A.!), and less 
bedclothing—probably blankets can be eliminated alto- 
gether. Of interest to gardeners will be the ready availa- 
bility of heat for greenhouses or even for warming the 
earth. Finally it ought to be mentioned as a very important 
advantage that the large-scale units incorporated in the 
schemes will get their steam and hot water at cheaper rates 
than the average prices ruling today. 

Justification for most of these claims is the American 
experience cited by the British delegation to the U.S.A. in 
their recent report, and is taken from schemes running 
under less favourable conditions than prevail in this 
country. Furthermore in the U.S.A. the incentive to pro- 
vide District Heating was the desire to achieve the highest 
standards of domestic heating in the cheapest manner. 


Development Difficulties 


Difficulties in developing District Heating in Britain are 
recognised by even the most ardent advocates of the idea. 
Britain is largely a built-up area and to provide this addi- 
tional service would mean excessive capital expenditure 
compared to construction in new estates or the ‘new towns’. 
Ground would have to be cleared for central heating plants 
(where waste heat from a power station was not available). 
Streets would have to be torn up to lay pipelines. Most 
difficult would be the problem of improving the thermal 

* This delegation has produced a valuable report entitled, ‘Dis- 
trict Heating in American Housing’, published as National Building 


Studies, Special Report No. 7, H.M. Stationery Office, 1949, pp. 191, 
4s. 6d. 
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insulation of existing properties (an inaportant feature of 
successful working), and installing heating appliances. The 
situation with new construction is quite different and it is 
here that the opportunities afforded must be seized now. 
At the present time thousands of new houses are being 
built weekly, while new factories, cinemas, theatres, etc., 
are being erected. Now, therefore, is the time to act since 
District Heating should be planned as an integral part of 
any development scheme; it cannot be easily added as an 
afterthought, for that can only be done at increased cost 
and lowered efficiency. To ensure the fullest advantages 
schemes will have to be preceded by careful surveys of the 
local situation. District Heating works best in areas of 
intensive consumer usage, and costs will be considerably 
reduced by utilising supplies of waste heat that can be 
made available at power stations, city refuse plants, etc. 
It should be noted that at the present time intensive 
developments to step up the nation’s power supplies are in 
progress and these ought to be planned on the basis of the 
concurrent production of electric power and heat (which is 
the most efficient way of using coal for power production). 
District Heating developments would mean that arrange- 
ments would have to be made to develop and manufacture 
new items of equipment on the large scale. Whilst it 1s 
recognised that at a time of restricted capital expenditure 
District Heating schemes will not be favourably regarded, 
from that standpoint it must be clearly seen that the oppor- 
tunities afforded by new construction of houses, etc. 
should be utilised to their fullest extent. 


Technical Aspects of District Heating 


The technical problems can be divided into these cate- 
gories: 
(a) Heat production at a central source. 
(6) Heat distribution by pipelines to consumers. 
(c) Heat utilisation by consumers. These essential 
elements of a district heating system are shown 
diagrammatically in Fig. 1. 


The source of heat supply to a District Heating scheme 
may be any one of the following: 


(a) A central boiler house producing steam or hot | 


water. 
(6) A thermal-electric station. 
(c) Heat pumps using river, earth or atmosphere as 
ultimate heat source. 
(dq) A combination of (4) and (c). 


Only the first two sources deserve serious consideration 
at the moment. Heat pumps have been applied success 
fully to the heating of individual buildings (the outstanding 
British example is the Norwich heat pump designed by 
John A. Sumner: see Fig. 7) but there is no experience yet 


in their use as a primary source for large-scale heating 


purposes. 


A scheme employing a central boiler house is referred | 
to as a ‘straight system’. There are no special technical — 


features about these plants. New schemes will utilise 
modern boiler plant, which is virtually automatic, and 
supply steam or hot water into the pipelines.* After use the 

* Steam may be generated at high (75-150 Ib./sq. in.) or low 
pressure (10-50 Ib./sq. in.). In the former case its pressure is reduced 
to below 50 Ib./sq. in. before distribution. Hot water is circulated 
at temperatures varying from 170° to 240° F.). 
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water or condensate (which arises by condensation of 
steam in the consumer's heating plant) will usually be re- 
turned to the boiler house for reheating. In this way the 
need for continuous chemical treatment of the original 
feed water to the boilers will be largely eliminated. On 
the use of steam or hot water British and American authori- 
tiesdiffer. The Americans strongly favour steam asa heating 
medium but its use is more appropriate to the ‘working 
conditions’ of schemes in highly congested American 
cities. Thus with steam (if condensate is not returned) only 
one pipeline will be needed to serve the consumer and this 
will be smaller than a hot water pipe carrying the same 
‘heat’. Obviously this is a good point when pipes have to 
be laid in areas already overburdened with other supply 
lines for water, electricity, etc. Furthermore it is easier to 
pump steam to high buildings and steam systems can more 
effectively meet sudden changes in atmospheric tempera- 
ture, both requirements of American schemes in many 
northern industrial centres. Nevertheless, some recent 
American schemes, in areas of new construction, favour 
hot water and claim for it freedom from corrosion in dis- 
tribution pipelines, lower maintenance costs and lower heat 
losses from the pipelines. The British delegation to the 
U.S.A. was still strongly in favour of using hot water as 
heat medium but appeared to be prejudiced in favour of 
existing British practice. 


Thermal-Electric Stations 


The thermal-electric station utilises steam taken directly 
from the steam turbines used to drive the generating plant. 
The usual practice in this country is to supply the turbines 
with high pressure steam (say 800 Ib. /sq. in.) and exhaust 
this steam from the turbine at very low pressure. Operated 
in this way the maximum amount of ‘work’ is obtained 
from the turbine but the exhaust steam is then at too low a 
temperature and pressure to be of any use in a District 
Heating scheme. The overall efficiency of the power 
station is then very low as will be seen from this typical 
heat balance for a modern power station: 


Electrical energy produced 26% 
Heat lost in condenser cooling water 58% 
Heat lost up smoke stack the 4 


Minor losses 5% 


Thus less than 30% of the heat contained in the coal 
burnt appears as useful power, the rest is mainly dissipated 
to the atmosphere via the smoke stacks or cooling towers 
(used to cool the water supplied to the turbine condensers). 
But by sacrificing some generating efficiency the turbines 
can be exhausted at a higher pressure and this high pressure 
steam fed directly into a District Heating scheme 
(Figs. 2-3). Such turbines are called ‘pass-out’ or ‘back 
pressure’ turbines. Whereas in the former type the steam 
is exhausted at one or more stages through the turbine with 
the final low pressure exhaust as before (thus still requir- 
ing cooling towers), in the latter the exhausting occurs in 
one final stage at high pressure (say 100-150 Ib/.sq. in.). 
Working in this way the heat balance would now be 
of the kind: 

Electrical energy produced 
Heat for District Heating 
Losses 


20% 
65% 
15% 


LT 
RR 
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Thus for a fall of 6% in the generating efficiency the 
heat utilisation from the coal has gone up by almost 60°. 
The need for operating our power stations for the concur- 
rent production of heat and power, wherever possible, 
seems obvious from these figures. Complications arise 
due to the need to balance demands for heat and power, 
but experience abroad confirms the practicability of the 
method. 

A further advantage of the back pressure turbine is that 
it dispenses with the need for cooling towers. Using low 
pressure exhaust turbines immense quantities of water 
(amounting to millions of gallons a day at large power 
stations) are required to operate the condensers and this 
water must be continually circulated through the cooling 
towers to dissipate its heat to atmosphere. By reason of 
the fine dispersion of the water through a column of rising 
air it is inevitable that the towers create nuisances in their 
vicinity by reason of the excessive moisture and dirt in the 
atmosphere. At certain places (e.g. Leicester, Cardiff, Ocker 
Hill [Staffs.]) these nuisances have become so intolerable 
that they have aroused strong public protests and a 
national investigation will probably be made into the 
matter. Since the nuisances are more likely to increase than 
decrease with increasing national power output here is a 
further very strong reason for linking up power stations in 
industrial areas with District Heating schemes, especially 
schemes which include large-scale industrial consumers to 
absorb the vast amounts of heat at present being dissipated 
to atmosphere (e.g. at Leicester it was calculated that one 
third of the heat available at one large tower could supply 
the entire steam requirements of one of the largest factories 
in the town).* Incidentally, current opinion is that there is 
little likelihood of the towers being run in such a way as to 
eliminate the nuisances so the District Heating solution is, 
therefore, the on/y solution. 

Looking well into the future it is more than probable 
that thermal-electric stations will employ gas turbines to 
drive the generating plant. These will still only function 
at about 25° efficiency as regards power production but 
the waste gases will be directly available for steam raising 
in District Heating plants. 

As regards the use of heat pumps these might be used 
either as a main source working from, say, a river or 
alternatively could be used to extract heat from the con- 
denser cooling water at power stations. In the latter case 
using batteries of heat pumps it might be easier to strike a 
balance between heat and power loads with varying climatic 
conditions. 


Distribution 


The choice between hot water or steam as distribution 
medium has already been discussed and local geographical 
factors will further influence this choice. Where the 
terrain of the consumer units is such to demand pumping 
to higher levels from the central station it may be con- 
venient to make the primary supply steam and convert this 
to hot water at conveniently situated sub-stations. 

Where large blocks of flats, factories, etc. are going to 
be served a choice must be made between ‘group heating’ 
and ‘district heating’. In the former case instead of one 

* The cooling water in this tower is taken from 107° to 90°F, 
dissipating 23 million B.Th.U./hour from 1-35 mullion galls. ; hour. 








286 


central unit being employed an area is broken down into 
‘consumer groups’ each served by a ‘straight’ heat plant. 
Current American practice favours the truly central type 
of project which operates more economically, but there is 
something to be said for the group system in pioneer 
schemes. 

As regards the actual distribution mains there is no uni- 
form type adopted as yet even in the U.S.A. Whilst accessi- 
bility to the pipelines for maintenance would appear to be 
a highly desirable feature, American developments place 
reliance on good jointing and permanently waterproofed 
pipelines, the pipes being laid in specially designed con- 
duits (Fig. 4). Heat losses in well designed schemes will 
be of the order of 10°, but higher losses have been reported 
for schemes, in which usually unfavourable economic 
working has also been experienced (the Winnipeg, 
Canada, schemes with losses of 25 to 40°%!). Serious 
attention must, therefore, be paid to this question of mini- 
mising heat losses in planning schemes in this country. 


Utilisation 


There will be no need here to discuss at length the actual 
heating methods employed in the consumer units since the 
problems involved are not special to District Heating. 
Nevertheless, to ensure the success of a District Heating 
scheme it is essential that the construction of the consumer 
units is such as to reduce heat losses to a minimum. Con- 
struction must be adopted to reduce excessive ventilation 
whilst at the same time maintaining standards required 
for healthy conditions. More important, standards of 
thermal insulation must be raised considerably above cur- 
rent British practice, and U.S. standards are higher even 
than those suggested in the British Egerton report (Heating 
and Ventilation of Dwellings, H.M.S.O., 1945). The use 
of insulating materials like rock wool achieves both higher 
thermal and sound insulation. This will be a major 
problem in applying District Heating in already ‘built-up’ 
areas although it will not affect large consumer units where 
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This particular American scheme operated by the Detroit Edison 

Company uses steam. (Based on diagram in “District Heating in 
America’’.) 
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the heat supplied will be mainly devoted to process work 
(e.g. laundries, dyehouses, textile mills). In the light of the 
above technical data actual experience both in this country 
and abroad will now be examined. 


Continental Schemes 


The outstanding developments have been in the U.S.S.R. 
where advantage was taken of the extensive new construc- 
tion under the various five-year plans. Most Soviet 
schemes use waste heat from power stations. Initial 
developments were in Leningrad in 1924, and by 1939 in the 
U.S.S.R. a generating capacity of 1:8 million kws. supplied 
875 million therms for space heating (cf. British standards 
of 650-700 therms per annum for space heating a house). 
The 1938-42 five-year plan catered for 50° of the total 
steam-driven generating plant to be coupled to supply 
heat too. Developments are mainly limited to factories 
and large buildings. 

Germany had 28 plants working by 1936, 16 using 
steam only and enough heat was available to heat 10,000 
houses. In 1939 Berlin had eight supply plants delivering | 
billion B.Th.U’s. annually through 17 miles of distribution 
mains to 194 large consumer units. 

Two interesting schemes were those of Brno in Czecho- 
slovakia and in the Vatican City. The former town had 
steam supplied to all textile and chemical factories, besides 
houses and large buildings. The Vatican City was the only 
one on the Continent to be supplied throughout by a 
District Heating scheme (from a thermal-electric station), 


District Heating in America 


The most extensive developments, commencing as long 
ago as 1877, have been in the U.S.A. At first commercial 
centres were served from power stations although later 
practice favoured separate production of heat and power. 
This trend is now strongly reversed again. By 1946 the 
National District Heating Association of America was 
able to report 48 million Ib. of steam sold in that year in 
207 areas, of which one-third was distributed in New York 
alone (via 53 miles of mains). 

Developments have undoubtedly been favoured by the 
large size of consumer units in most schemes, with conse- 
quent intensive consumer usage in the area served. The 
incentives for developing District Heating in the U.S.A. 
have been almost purely economic ones. Thus the Federal 
Public Housing Authority (F.P.H.A.) which sponsors 
public housing projects subsidises these projects not by aid 
in meeting capital costs (as is the case in this country) but 
by making good the deficiency of income over expenditure 
in running a project (including capital depreciation costs). 
Hence in choosing between alternative schemes for domestic 
heating it favours those that are most economical to run. 
Consequently 123 out of 175 projects sponsored by the 
F.P.H.A. are served by District Heating.* It should be 
noted, however, that the construction of most F.P.H.A. 
projects favours the application of district heating (e.g. 

* Incidentally this term is not used over there except to describe 
schemes serving commercial centres from central boiler plants. The 
term ‘central heating’ may be used although this is also used in the 
British sense as applied to unit systems in houses, etc. There are 
also ‘group heating’ schemes as indicated already. Strictly speaking 
there is no comparable term to our general use of the term ‘District 
Heating’ to cover all classes of project. 
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Fic. 5.—The U.S.A. divided into six climatic zones according to degree-day index (see text). 
(After diagram in “District Heating in America’’.) 


big blocks in cities and two- to three-storey blocks of six to 
twelve flats in the suburbs). The most economical schemes 
are those working froin power stations. 

In most of these schemes the houses are maintained at a 
temperature around 70°F. (60°F. is more usual in Great 
Britain) and supplied with unrestricted amounts of hot 
water. 

Before giving details of individual schemes the nature of 
the climatic factors involved will be considered so that a 
true comparison can be drawn between British and 
American experience. These factors are assessed in terms 
of DeGreE-Days. This figure for a particular area is 
arrived at by taking a definite temperature standard and 
then counting for each day the number of degrees that the 
average temperature is short of this standard.* Using 65°F. 
as base temperature, conditions in Edinburgh can be com- 
pared to those in Detroit, London can be compared to 
New York. The degree-day figures for Edinburgh and 
Detroit are identical (6600); on the same basis, London 
and New York both rate at 5300. The U.S.A. is 
actually divided into six climatic zones according to the 
degree-day index (Fig. 5). Zone 4 (4500 to 5500 degree- 
days) which runs across the continent from New Jersey 
through the Middle West, down into New Mexico and up 
through N. California to Oregon on the Pacific Coast 
corresponds closest to conditions in these islands. 

In choosing Zone 4 for comparison one is well on the 
safe side since there are more extreme variations in tempera- 
ture in Zone 4 than over here, variations which will operate 


* No allowance is made for days when the temperature is above 
this standard; the aim is to measure the length of the heating season. 


against the favourable working of heating projects. Yet in 
this Zone, 62 of 73 Federal housing schemes use District 
Heating. There are even nineteen projects in Zone 1 which 
includes Florida and Texas! 

The largest U.S. scheme is at Parkchester (New York). 
It may be compared to the conditions which will operate 
in the ‘new towns’ to be built in Great Britain. A central 
boiler house supplies 58 buildings, including 12,000 flats, 
shopping centres, garages, cinema, theatre, over 130 
acres of site. The flats are maintained at 70°F. with 90 
gallons of hot water as average daily supply to each. 
These high standards are obtained for the extraordinarily 
low figure of 3s. 6d per week (2s. 3d. for fuel, 1s. 3d. for 
labour) but the very highest standards of thermal insula- 
tion are used (Fig. 6). 

Virginia (Minnesota, pop. about 12,000) is the only 
industrial city in the world that is almost wholly served by 
District Heating. Steam from the city power plant goes 
through 14 miles of mains to 4000 houses (density 10 per 
acre) and only 46 men are employed by the heating 
authority (20 actually run the plant). The climate of the 
town is really extreme. Degree days are about 10,000 
(cf. Zone 4) with average temperatures from December to 
February as low as 7°F. or 25° of frost! To meet these 
extreme conditions householders get from 800 to 1400 
therms of heat per year (cf. British standards given above) 
at a cost of 8s. to 14s. per week (electricity is very cheap, 
however, being two-thirds the average national price). 

Mention has been made already of the pioneer schemes 
(the Manchester scheme now supplies 50 million lb. of 
steam per annum) and besides these some attempt was made 
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Fic. 6.—The Parkchester District Heating scheme 
in New York heats 12,000 flats. (Photo, courtesy 
Metropolitan Life Insurance Co.) 
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to supply steam from power stations (e.g. Liverpool, 
Leicester). The principle has also been applied in large- 
scale industrial plants operating on large sites (e.g. I.C.I. 
Billingham supplied 600,000 Ib. steam per hour from the 
generating plants for heating and process work) and 
service men will be familiar with the application to army 
camps, etc. 

New schemes have been prepared for a limited number of 
local authorities: noteworthy are those at Urmston (nr. 
Manchester), Wythenshawe (Manchester), Bristol, City 
of London and Westminster. The projected scheme at 
Huddersfield is of interest since it was adopted due to the 
initiative of the local branch of the Association of Scientific 
Workers who organised a team of scientists to prepare re- 
ports for submission to the local council based on local data. 

The Urmston Council was very early in the field and their 
scheme (which is now partly in operation) has attracted 
widespread attention and has been visited by many deputa- 
tions from local authorities. Consulting engineers were 
appointed in 1945 to survey prospects to serve a new estate 
of 763 houses, 224 maisonettes, 222 flats, 108 bungalows 
plus community centre, health centre, cinema, creche, 
restaurant, 4 schools, laundry, garages and greenhouses. 
A small heating unit was set up to serve the first few houses 
and this will be increased in four steps, as the estate de- 
velops, to the final ‘straight’ heating station. Room tem- 
peratures will be about 60° F. (at external freezing tempera- 
ture) and hot water consumption is budgeted at 53 gallons 
per day per house for a family of four. The average cost 
per week will be about 4s. 6d. (plus 9d. per week for ‘top- 
ping-up’ fuel in the very coldest weather, the designers 
having compromised with one open fire being provided in 
one room, a questionable choice in view of previous re- 
marks on reduction in capital costs by eliminating chim- 
neys, etc.). These costs compare well with the 7s. 6d. that 
the average Urmston householder spends on solid fuel. The 
saving of coal will be 1 to 2 tons per household per year. 

In the Pimlico scheme heat will be taken from Battersea 
power station in mains beneath the river to a sub-station 
on the Pimlico side where it will be distributed to the estate. 

The estate will take 24 years to build and will absorb 
107,000 million B.Th.U’s. per year. Heat supply will be 
charged as an addition to rent, being dependent on facili- 
ties provided. Hot water will be metered and charged 





Fic. 7.—Heat pumps like that at Norwich (which heats 
the city’s electricity offices) have an important future as a 
primary source of heat for District Heating schemes. 


accordingly. The estimated cost for the average flat will 
be 4s. 84d. per week and this compares with 7s. 8d. using 
traditional methods (assuming coal at £4 per ton and gas 
at ls. 2d. per therm). The amount of heat supplied will 
be twice that obtained by traditional methods. The City 
of London scheme is similar and will eventually supply 
660 million B.Th.U’s. per hour and 60,000 kws. of elec- 
tricity from a thermal-electric station. To say the least, 
these figures for projected schemes are most striking and 
deserve widespread reproduction. 


Conclusions 


Sufficient data has been given, especially from American 
sources, to indicate that District Heating is a practical 
proposition for widespread application in Great Britain, 
especially schemes working from power stations. It is of 
most immediate application in areas of new construction 
where the problems of distribution and utilisation can 
largely be met. Nevertheless, there still seems an urgent 
need to consider its application in built-up areas where 
large amounts of heat (often accompanied by nuisances to 
local residents) are being dissipated to the atmosphere via 
cooling towers. There is still a regrettable tendency to 
regard District Heating purely from the standpoint of 
improving standards of domestic heating instead of con- 
sidering it as an integral part of national schemes of recon- 
struction, especially as an urgent measure in remedying 
our present fuel and power situation. More active steps 
will have to be taken if the demands for specialised plants 
and equipment are to be met during the next twenty years 
which could well be ‘a District Heating Era’. 
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Reckless hunting brought the bison in America to the verge of extinction. 


hundred were left. 


————— 
ST 





By 1889 only a few 


Under Government protection the animal has increased its numbers to the 
point where the herds now have to be thinned periodically. 
in Yellowstone Park, one of the bison reserves. 


These specimens were photographed 
(Courtesy, Northern Pacific Railway.) 


How America Saved the Bison 





FRANK W. LANE 


THE story of the American bison shows man in both his 
worst and his best relations towards wild life. Worst 
because through unrestrained massacre he brought the 
most numerous game animal the world has ever known to 
the verge of extinction; best because even at that late hour 
there were men who strove with Nature and their unheed- 
ing comrades to such good effect that a priceless heritage 
was saved for North America and the world. The story is 
worth retelling today when rare species of wild life are in 
danger of extinction in every continent. 

To the present-day traveller across the Middle West of 
the United States the scene presented a hundred years ago 
can hardly be visualised. Some of those who trekked across 
this favourite haunt of the bison in its hey-day said there 
were sO many, stretching as far as the eyes could range 
from horizon to horizon, that the only thing with which 
they could be compared for multitude were the fish of the 

‘Countless herds’, ‘incredible numbers’ and ‘teeming 
myriads’ are the sort of incoherent phrases that leapt to 
the lips of those trying to give an impression of the beasts 
they saw. 

In our own day, long after the great herds had been driven 
from their ancestral feeding grounds for ever, men have 
tried to estimate in actual numbers the total population of 
the bison before the great slaughter began. From the 
various figures given, based on such grounds as known 
grazing areas, it seems that in their prime the total bison 
in North America must have been about fifty million. 

When on migration several million bison would move 


together like a vast army. Col. R. I. Dodge, writing of a 
trip he made in May 1871, near the Arkansas River, said he 
travelled for at least twenty-five miles through one herd of 
bison which was migrating northwards. He writes: 


The whole country appeared one great mass of 
buffalo (the name by which the American bison is gener- 
ally referred to in popular language) moving slowly to the 
northward; and it was only when actually among them 
that it could be ascertained that the apparently solid 
mass was an agglomeration of innumerable small herds, 
of from fifty to two hundred animals, separated from the 
surrounding herds by greater or less space, but still 
separated. The herds in the valley sullenly got out of 
my way, and, turning, stared stupidly at me, sometimes 
at only a few yards’ distance. When I had reached a 
point where the hills were no longer more than a mile 
from the road, the buffalo on the hills, seeing an unusual 
object in their rear, stared an instant, then started at 
full speed directly towards me, stampeding and bringing 
with them the numberless herds through which they 
passed, and pouring down upon me all the herds, no 
longer separated, but one immense compact mass of 
plunging animals, mad with fright, and as irresistible 
as an avalanche. 


With considerable courage and skill Col. Dodge 
extricated himself from this dangerous situation by waiting 
until the stampeding herd was about fifty yards away and 
then firing, causing the herd to split and pass by on either 
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side of him. From Col. Dodge’s account, and also from 
other evidence, it is known that this host of bison took 
about five days to pass a given point, and was fifty miles 
deep. As Col. Dodge says it was at least twenty-five miles 
wide it means there were probably four million bison in 
this one host. 

Although such migrating hosts of bison have passed 
for ever from the American scene they have left an 
indelible mark on the landscape. In their continental 
journeys they invariably followed the path of least resis- 
tance, and chose the easiest grade possible through the 
country they were travelling. When the early railways 
were built it was the path already marked out by the bison 
which was followed. 

Before the white man invaded the strongholds of the 
bison its only enemies—wolves, Indians and the elements— 
did no more than help keep its numbers within reasonable 
bounds. Such enemies never brought about any appreci- 
able diminution in the bison hosts. Roughly the numbers 
of bison were equal to the limit of grazing lands available, 
and they stayed more or less at this level until the whole- 
sale killings initiated by the early American colonisers. 

It is true the Indians accounted for many bison, which 
acted as their wild cattle, but it was not until they were 
equipped with the weapons of the West that they began to 
make serious inroads into the herds. When the settlers 
realised that the bison was a commercially valuable animal 
they encouraged the Indians to indulge in wasteful slaughter. 
Sometimes, for example, scores of bison would be killed 
and only their tongues taken; the carcasses, with their 
valuable hides, being left to rot where they fell. 

In true hunting, as opposed to commercial massacres, 
there was thrilling sport. A horse intended for the hunting 
of bison was carefully trained and was never used for any 
other purpose. So well did these horses enter into the spirit 
of the chase that if an Indian fell off during the hunt, his 
horse would sometimes continue the chase on its own. 
One horse that was left in camp after the others had de- 
parted for the hunt, broke out and took part in the hunt 
as best it could without a rider. 

W. T. Hornaday, who played such a big part in the final 
fight to save the remnants of the bison hosts, has left this 
description of how an Indian bison hunt was conducted. 


Whenever the hunters discovered a herd of buffalo, 
they usually got to leeward of it and quietly rode for- 
ward in a body, or stretched out in a regular skirmish 
line, behind the shelter of a knoll, perhaps, until they 
had approached the herd as closely as could be done 
without alarming it. Usually the unsuspecting animals, 
with a confidence due more to their great numbers than 
anything else, would allow a party of horsemen to 
approach within from two hundred to four hundred 
yards of their flankers, and then they would start off 
on a slow trot. The hunters then put spurs to their 
horses and dashed forward to overtake the herd as 
guickly as possible. Once up with it, each hunter 
chooses the best animal within his reach, chases him 
until his flying steed carries him close alongside, and then 
the arrow or the bullet is sent into his vitals. The fatal 
spot is from twelve to eighteen inches in circumference, 
and lies immediately back of the fore-leg, with its 
lowest point on line with the elbow. 


1949 DISCOVERY 


As the westward migration of the white men continued 
throughout the eighteenth and into the nineteenth centur- 
ies the killing of the bison proceeded apace. But it was not 
until the building of the railway that eventually linked 
Chicago in the east with San Francisco in the west, driving 
right through the heart of the bison country, that the 
killings reached dangerous proportions. 

The bison did not take kindly to the invasion of their 
ancient haunts by the noisy steel monsters. Often herds 
charged the trains and tumbled them off the tracks. But 
the passengers discovered a new ‘sport’. Using the 
carriages as ‘forts’ they fired to their hearts’ content into 
the herds milling about the trains. In fact shooting trips 
on the trains were advertised for sport. What may under- 
standably have begun as self-protection ended as yet 
another way of hurrying the bison to extinction. 

The railways provided a ready means of transport for 
the hides, meat and other products of bison, and there 
sprang up a race of professional bison killers. A man who 
knew his job could account for a hundred in a day—one 
man killed two hundred and fifty as his day’s work. Much 
of it was extremely wasteful hunting. Often a bison was 
killed for a single meal, sometimes for its tongue only, 
and still thousands more merely for the sake of killing a 
bison. No doubt to the men of those days it would have 
appeared ridiculous to say that such a prolific animal could 
ever become extinct. Yet that is what all but happened. 

W. T. Hornaday considered that between 1872 and 1874 
over three and a half million bison were killed south of 
the Union Pacific railway and that by a year later this 
southern herd, as it was called, had all but ceased to exist. 
Even the few that remained were sought out by men who 
had known no other work for years than killing bison, and 
it is probable that by 1889 there were less than seventy 
bison left where, fifty years before, there had been millions. 

The herds north of the railway soon suffered a similar 
fate. The Northern Pacific railway acted as the spearhead 
and the bison slaughterers followed. By 1889 W. T. 
Hornaday could account for only 541 bison in the whole of 
the United States, and some 600 in Canada. If the bison 
was to be saved for America and her children now was the 
time—or never. Yet it was still several years before the 
country as a whole was sufficiently aroused to take effec- 
tive measures. 

Several half-hearted attempts had been made already to 
save the bison by legislation, but no decisive action had 
been taken. It was private people who took the first 
practical steps. In 1873 an Indian named Walking Coyote 
—it is right that his name should be perpetuated—<ap- 
tured two male and two female calves, protected them and 
bred from them. By 1884 there were thirteen in this little 
herd, and then the Indian sold them to two ranchers who 
continued to protect them. There was also a small herd 
in the Yellowstone National Park, and in Canada there was 
a herd under Government protection. 

This was the position in May, 1894. A law was then 
rushed through Congress which made it illegal for anyone 
to kill bison or other game animals in the Yellowstone 
Park, where poachers had already drastically reduced the 
last wild herd in the United States. With the new national 
realisation of the precarious state of the bison the five- 
hundred odd left alive just about held their own until the 
turn of the century. 
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In 1902 Col. Charles J. Jones was appointed warden of 
the Yellowstone Park and Congress made an appropria- 
tion of 15,000 dollars for the purchase of bison. Eighteen 
of these came from the herd Walking Coyote’s foresight 
had preserved. Three bulls were purchased from another 
herd. This newly formed herd, which eventually included 
a few calves from the wild bison already in the Park, was 
placed in special corrals, and was protected as no other 
bison, and probably no other large animals, have ever 
been before or since. They were carefully guarded and 
watched; protected against inclement weather; calves were 
taken from their mothers at an early age and some were 
bottle-fed; and every conceivable precaution was taken to 
prevent the loss of a single cow, bull or calf. 

In 1905 the Kiowa-Comanche Reserve in Oklahoma was 
made a game preserve. It contained some of the best 
grazing ground of the southern herd of bison, where the 
animals could live throughout the year on natural grazing. 
Other bison reserves were established later in various parts 
of the country. 

In 1905 the American Bison Society was founded, with 
Theodore Roosevelt as Honorary President. This society 
became one of the most active and effective organisations 
in the United States for the protection of the bison and 
other North American big game. 

Owing to the intensive work now being done to save and 
increase the number of bison its status slowly improved. 
In 1908 there were 2047 bison in the whole of North 
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America, of which over 600 were in Canada. This total 
was nearly double the number living at the time of W. T. 
Hornaday’s census in 1889. Censuses were taken nearly 
every subsequent year and each one showed an increase 
in the total number of bison in the continent. How well 
the work was done can be gathered from the census of 
1933. In that year there were 4404 bison in the United 
States, 17,043 in Canada, 46 in Alaska, and 3 in 
Mexico. In South America and other foreign countries 
there were estimated to be another 205, thus making a 
grand total of bison throughout the world of 21,701. 

Today the United States has more bison than it can cope 
with. The Government herds have to be thinned out, and 
anyone with adequate facilities can obtain a bison free 
under easy conditions. The artificial conditions under 
which many of the bison live have somewhat changed their 
characteristics. Domesticated bison tend to lose some of 
the vigorous traits of their ancestors. In the Yellowstone, 
artificial feeding and ‘coddling’ is being ended in an effort 
to help the herd in this reserve regain their native virility. 

Victor H. Cahalane, one of the present-day Government 
authorities on the bison, says one step remains to be taken 
—the establishment of a national monument in the Great 
Plains area where a herd of bison can live under the 
primitive conditions of their forebears, together with other 
plain species. This measure would ensure the perpetuation 
of the bison as a wild species, with none of the dangers 
inherent in domestication. 





PROGRESS OF SCIENCE—COMMUNICATION AMONG BEES—continued from p. 272 


distance in terms of the amount of energy expended on the 
outward flight. And the method by which directions are 
determined is revealed by a phenomenon that is very curi- 
ous, because in natural conditions it could hardly ever 
occur. Occasionally a returning bee will perform the waggle 
dance on the Aorizontal alighting board in front of the hive 
(for which there is no counterpart in a natural hive). And 
a bee performing the dance on a vertical comb face can be 
induced to dance the horizontal form by rotating the comb 
face to a horizontal position. In this case there is no gravity 
to act as a direction indicator. The bee is now orientated by 
light and loses its direction in the dark. If it is given a 
strong beam of electric light in the hive, its dance makes the 
same angle with this beam as the angle between food 
sources and sun. But what is far more important, a view 
of a small area (10 degrees) of blue sky is sufficient to give 
correct orientation; and this effect is quite independent of 
what part of the sky is seen. If, however, the bee is given a 
sight of the wrong bit of sky—for example, by reflecting it 
in a mirror—it gets the direction correspondingly wrong. 
If some western sky is reflected through a hole in the north 
side of the hive, it dances as if west were north. Thus it 
appears that though the bees’ directions are specified in 
terms of the sun, they do not depend on seeing the sun. A 
view of any part of the sky will do, and from that the bee 
can ‘work out’ the sun’s direction. 

Now there is only one known phenomenon by which one 
could deduce the direction of the sun from the properties 
of light arriving from an arbitrary piece of sky. And that is 
the fact that the light from the sky is polarised by scattering, 
and polarised in such a way that the direction and degree of 


polarisation depends on the angle between the piece of 


‘sky and the sun.* The human eye is actually slightly sensi- 


tive to the polarisation of light, and the suggestion is that 
the eye of the bee carries this sensitivity much further, so 
that by detecting the polarisation of a small area of sky 
it can deduce the direction of the sun and so orientate itself 
by the sun compass. 

Experiment confirms this theory—though much more 
will have to be done before it can be regarded as estab- 
lished. By means of a ‘Polaroid’ screen one can rotate the 
plane of polarisation of light. And it has been found that if 
bees are given light from the sky with its plane of polarisa- 
tion rotated in this way, the direction of the dance is rotated 
by a corresponding amount. 

Under a glass roof in a hive light from a blue sky seems 
to be essential, but there is strong evidence that in the open 
bees can still orientate themselves by the polarisation of 
light even when the sky is covered with thin cloud and the 
amount of polarisation much reduced. The additional 
depolarisation produced by the glass screen would be 
sufficient to account for this loss of efficiency inside the 
hive. 

If further work confirms this theory of orientation by 
polarisation, it will pose for the neuro-physiologist and 
psychologist the very pretty problem of determining in 
what way the bee’s polarisation-detecting mechanism 
works, 

* Light is said to be completely polarised if its electro-magnetic 
vibrations take place entirely in one plane (instead of in planes 
randomly distributed round the direction of the ray). It is partly 
polarised, if the planes of vibration tend to be concentrated around 
one plane. 








The facts about Vitamin D which maae the elimination of rickets possible were discovered 
relatively recently, and the rapid disappearance of rickets from Britain is testimony to the remark- 
able success with which British nutrition experts tackled the job of seeing that the facts were 


applied. 


This article, with its surprising news about rickets in Canada and the U.S.A., is a 
reminder that in applying nutritional knowledge Britain leads the world. 


Rickets Still Undefeated 





““RICKETS takes a considerable toll in deformed chests, 
legs, heads and wrists, which permanently affect the whole 
life of the individual.”’ This striking statement was made 
by two prominent nutritionists who also reported that 
more Canadians died from nutritional deficiency during 
1944 than died from poliomyelitis. Thirty-four children 
succumbed to rickets alone. To these casualties must be 
added the psychological suffering which inevitably accom- 
panies the numerous deformities brought about by the 
disease. Rickets was first described in 1645, although 
archeological investigations have brought to light 
skeletons which show that such deformities have existed 
since antiquity. It has long been recognised that rickets 
may easily be prevented by giving vitamin D, yet the 
malady continues to cause death and disability. 

Textbooks on children’s diseases invariably give the 
impression that rickets is a baby’s disease and that the 
danger is over by the age of two. Recent surveys made in 
the United States and Canada have revealed rickets in an 
alarming number of children of school age, even in the 
late teens. Since rickets is caused by a deficiency of 
vitamin D during the growing years, it is apparent that 
vitamin D must be given in adequate amount until the 
child’s growth is completed. Many nutritionists believe 
that some intake of the vitamin is essential throughout the 
whole of life. 

In 1946, two health surveys were made by the nutri- 
tionists referred to above. Children of 5 to 19 years of 
age were included, although most were aged 11 and under. 
In British Columbia, 1700 children in 16 schools were 
examined. There were signs of healed rickets in over 56%. 

Almost 1500 Saskatchewan children in 43 schools 
were examined. In this study some pupils were as old 
as 19 years. Healed rickets was evident in over half of 
the children examined. Very few of the pupils in these 
two studies had ever taken fish-liver oil. 

Eighteen per cent of 224 children (6 to 15 years of age) 
examined in New Brunswick had bone changes due to 
rickets. The diet of 33° of the children was augmented 
with a vitamin D emulsion, but too small a dosage was 
given so that they received an insufficient amount of 
vitamin D. 

Of 518 Ontario children, 9° showed rachitic bone 
changes. Thirty per cent of them were reported to need 
more milk and most of them to need ‘‘a regular dependable 
supply of vitamin D”’. 

Determination of these bone changes in the above sur- 
veys were arrived at by physical examination only. Schools 
do not have the facilities to examine hundreds of children 
by X-ray. Some specialists maintain that an X-ray exami- 
nation makes the diagnosis of rickets relatively simple. 
However, a group of investigators working in Baltimore 
used the analytical method because of the difficulty of 
X-ray detection of bone changes unless the condition is in 
an extremely advanced stage. 


These clinicians reported the results of bone tissue 
examination of the middle ribs of 230 children between 
2 and 14 years of age, who had died from acute or chronic 
illness. The examinations revealed rickets at the time of 
death in 107 (46°5°%%). Although the incidence was highest 
among the three-year-olds, its prevalence continued almost 
undiminished up to the fourteenth year. Signs of rickets 
were revealed by post-mortem X-ray in only 6 of the 
107 children whose rib bones proved the presence of the 
disease. These workers emphasised that ‘‘a clinical diag- 
nosis was not possible except at most in very few instances”. 

If this conclusion is correct, it indicates that the level of 
incidence found in the previously discussed surveys is a 
minimal level, and that the actual occurrence of rickets 
may be far higher than has been reported. 

Those who have studied the effect of vitamin D on the 
ability of the body to resist infection agree that “small 
doses of this vitamin generally improve the ability of both 
animals and human subjects to resist infections’. 

Respiratory infections such as bronchitis and broncho- 
pneumonia are common in rachitic infants. These children 
readily develop chronic gastro-intestinal disturbances, and 
constipation is common, sometimes alternating with 
diarrhoea. The liver frequently becomes enlarged. 
Anaemia due to iron deficiency or accompanying infections 
is often seen in severe rickets. 


Physiology and Chemistry 


It is believed that the primary functions of vitamin D 
are (1) to regulate the absorption and utilisation of calcium 
and phosphorus from the intestinal tract, (2) to increase 
mineral retention in the body, and (3) to influence the 
process of mineralisation in bone. 

Vitamin D produced in the body by action of sunlight 
on skin is absorbed directly into the blood stream. Vitamin 
D, taken by mouth, is absorbed with fat from the small 
intestine, the absorption being influenced by the presence 
of bile salts. Vitamin D is stored in body fat and particu- 
larly in the liver, skin, lungs, spleen, brain, and bone 
marrow. These processes are, of course, extremely com- 
plicated and not as yet clearly defined. 

Vitamin D was isolated from cod-liver oil, and about the 
same time a similar substance was produced by the ultra- 
violet irradiation of a vegetable substance, ergosterol, 
originally found in ergot. This material, which was called 
calciferol or vitamin D,, was found to cure rickets. When 
it is dissolved in oil, it is called ‘viosterol’. Later, a com- 
pound closely related to ergosterol was isolated from fish- 
liver oils and other animal fats. Irradiation of this sub- 
stance produced vitamin D,. (In 1924 it had been dis- 
covered that various foods could be given antirachitic 
properties by exposing them to ultra-violet irradiation— 
milk for instance.) 

Vitamin D, is produced naturally by the activation of 
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human and animal fats when skin, fur and feathers are 
exposed to sunlight or other sources of ultra-violet rays. 
The vitamin produced in the skin is then absorbed 
directly into the blood and distributed throughout the 
body while that produced at the surface of the fur and 
feathers is swallowed as a result of licking or preening, and 
absorbed from the stomach. There are several substances 
which have vitamin D activity, but vitamin D, and vitamin 
D, are considered the only forms of practical importance; 
both have an antirachitic effect on the human body. 

The action of sunlight on skin cannot apparently be 
depended upon to provide sufficient vitamin D to protect 
a child living in the temperate zone. The findings of an 
investigation carried out on the west coast of the United 
States bear out this statement. Of 943 five-year-olds 
living in two cities, 90% exhibited rickets. It was found that 
the incidence of the disease was nearly as great in sunny 
San Diego as in cloudy Portland. 

In urban areas, the ultra-violet rays of sunlight are 
absorbed by dust and smoke, and dimmed by shadows of 
buildings. This is especially true in the late fall, winter and 
early spring. Window glass, behind which much of the 
child’s day is spent, negates the activity of those rays which 
do penetrate the city’s ‘smog’. Even where the rays pour 
unobstructed through clean country air, little ultra-violet 
light actually reaches the skin, since most of the body is 
shielded by clothing. The exceptions are the infant who is 
permitted to lie naked for a few minutes on a summer’s 
day, and the toddler who runs about in a sunsuit. 

Some of our foods do contain the antirachitic vitamin, 
but their number is small and the amounts negligible. 
These foods are the flesh of oily fish, liver, clams, oysters, 
eggs and dairy products. The latter contain much calcium 
and phosphorus, for the metabolism of which vitamin D is 
essential. Milk, however, contains little vitamin D even 
when the cow roams at will in the sunshine. At this most 
favourable period of the year, milk contains only about 
48 International Units of vitamin D per quart. The vitamin 
D content of butter is likewise low. 

Even if the child is drinking plenty of milk, he is not 
immune to rickets. Indeed, some nutritionists think that 
large amounts of milk, without sufficient vitamin D to 
metabolise the minerals, make the chud more susceptible to 
tickets. Breast milk contains even less vitamin D than cow’s 
milk, though the mother may be takinga vitamin supplement 
regularly. Cow’s milk may be enriched by irradiation, 
but such milk is not generally available in Canada. 

While traces of vitamin D are available to the child 
through liver, egg yolk and dairy products, the most 
abundant source of this necessary food factor is fish-liver 
oil which should be added to the child’s diet. 

The vitamin D content of fish-liver oil depends upon a 
variety of factors—species and age of the fish, food source 
and season of the catch. Its quality is estimated by its 
vitamin content, which is calculated scientifically from the 
effect of the oil on animal nutrition (usually white rats). 
To prepare an oil of standardised vitamin D content the 
weaker oils are blended with the stronger to yield a product 
of uniform quality. The potency is expressed in Inter- 
national Units. 

The amount of vitamin D necessary to prevent rickets in 
children and adolescents is estimated to be 400 to 800 
International Units daily. Some authorities believe that 
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the higher figure is preferable. A prominent paediatrician 
advocates 1000 units daily for teen-agers. 

It has been suggested that fish-liver oil be given during 
the summer months as a precautionary measure, even 
though the need may be slightly less at that time. The 
child will then look upon this food supplement as an 
integral part of his diet. 

The amount of vitamin D recommended to treat rachitic 
babies is from 1500 to 2500 units daily, with double the 
amount for premature infants. They need much more 
vitamin D because of their rapid rate of growth, and the 
scarcity of calcium in the body at birth. Children with 
such conditions as coeliac disease and refractory rickets will 
also need a higher dosage of the vitamin. A daily dose of 
5000 units has been advocated to heal advanced rickets. 
Such children will, of course, be under the supervision of a 
paediatrician who will prescribe the necessary amount. 

Because the altered diet of the sick may be almost 
lacking in vitamin D, physicians warn that all ailing chil- 
dren should be suspected of vitamin D deficiency, and pro- 
tected against such a possibility. 

While vitamin D is probably required by the adult, 
there is disagreement as to the amount. When not 
available through the action of sunlight, vitamin D should 
probably be provided up to the minimum amount 
recommended for infants, i.e. 400 units per day. The 
pregnant woman and nursing mother requires from 400 
to 800 units daily. 

Some authorities have stated in this connexion: “We are 
inclined to the view that much larger supplements of 
vitamin D for adults are necessary or at least desirable 
than are ordinarily considered .. . it appears possible that a 
general metabolic deficiency may underlie much of the 
debility of adult life. . .” 

There has been talk about the danger of vitamin D 
poisoning, but the chances of this happening have been over- 
estimated. The present method of irradiation does not 
produce the toxic by-products formerly contained in 
irradiated ergosterol. At any rate, enormous doses of 
vitamin D over a long period should be administered only 
under the supervision of a physician. 

Clear sunshine upon the naked skin will conceivably 
provide sufficient vitamin D for the child’s needs. In the 
temperate zone, however, the warm-weather period is 
extremely short. Even during this time, few persons are 
ever completely exposed to ultra-violet irradiation. 

Neglible amounts of vitamin D are contained in any 
common foods. Fish-liver oils contain vitamin D in 
abundance. 

Clinicians and nutritionists have now discovered that 
rickets occurs in many school children, including those in 
late adolescent years, and that such children may appear 
normal when examined physically. 

Post-mortem examinations of bone tissues, however, have 
shown that X-ray examination may not reveal rickets 
until the disease has advanced to a serious degree. 

In order to prevent rickets from development in any 
degree whatsoever, every growing child should receive 
regularly sufficient vitamin D to guarantee the production 
of sturdy bones and strong teeth. This administration 
should be continued until the child has completed his 
development, i.e. until he has reached adult stature. 

HELEN CLAIRE HOWES. 











A range of parts made from iron powder by powder metallurgy. 
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Powder Metallurgy 





J. P. SAVILLE, B.Sc. 


POWDER metallurgy has been given a considerable fillip 
by the war, and is becoming recognised as equally 
reliable a metal-working process as casting, forging, rolling 
and pressing. Briefly, the process consists of preparing a 
metal or alloy as a powder, forming this in a die under 
considerable pressure, heating the compacted mass till 
the particles cohere—this is known as ‘sintering’—and 
then pressing the sintered ‘compact’ to the required final 
size—this is called ‘coining’. In some cases, the last two 
steps may be repeated, for reasons connected with the 
particular materials; in others, it is possible to combine 
them in one operation. 

The manufacture of tips for cutting tools by this kind 
of technique, and the making of dies for wire-drawing, has 
been a matter of common practice for years, but here the 
materials are not metals, though often known as ‘hard 
metals’, for they are actually the carbides of tungsten, 
tantalum and titanium, bonded together with the tough 
but ductile metal cobalt, which is added to the extent of 
5—10 parts to 100 of the carbides. In this firm but elastic 
mass the hard, angular and brittle crystals of the carbides 
are embedded. 


Components for Motor Cars 


The extension of powder metallurgy techniques to the 
more common metals has led to the manufacture of a very 
wide range of articles of widely different uses. A list of 
items of motor-car construction employing bearings made 
by powder metallurgy from brass or bronze includes 
water-pumps, distributors, king-pins, brake pedals, steer- 
ing columns, universal joints, speedometers, windscreen- 
wipers and trafficators. The heavy and continuous loads 
carried by most of these parts pay tribute to the reliability 
of the process; many of them, moreover, are ‘oil-less’ 
bearings, the lubricant in fact being contained in pores in 
the metal. This porosity can be readily controlled in manu- 
facture, and it is also taken advantage of in the use of 
powder-metal parts for filtering oils and other liquids, and 
for the distribution of de-icing fluid on the leading edges of 
aircraft wings. A copper-nickel-tin alloy is used. 

Though at present the production of copper and bronze 
powders exceeds that of iron powders by four or five to one, 
the greatest volume of production has actually been in the 
latter metal, to a very great extent accounted for by the 
production by the Germans of hundreds of millions of 
shell-driving-bands during the war. It had been planned to 
use pure iron produced by conventional means for this 
Purpose, as a substitute for copper, of which Germany was 
extremely short; the difficulties of production, however, 
led to the consideration of sintered iron, and it proved 
in many ways a superior material. 

The versatility of the process is, in fact, one of its chief 
features; there are many variables which can be altered 
when it is desired to produce a particular type of product; 
the choice of metal or alloy is important, but in addition 
great changes can be brought about by proper selection 
of the size and shape of the particles, by regulation of the 


temperature and pressure during sintering, by heat-treat- 
ment, by impregnation with lubricants, even by electro- 
plating. Of these variables, one of the most important is 
the physical shape of the particle, with which is closely 
allied the chemical state of its surface. It has been known 
for centuries that metals such as gold can be produced as 
powders of varying degrees of fineness by both chemical and 
mechanical means, and to the Victorian demand for more 
and cheaper gilding is owed one of Sir Henry Bessemer’s 
early inventions, a machine for producing brass and bronze 
powders as substitutes for gold; the gilded woodwork of 
the Victorian salon and gin-palace alike owed its glitter to 
a thin layer of brass flakes suspended in lacquer. This fact 
is of more than symbolic interest, for it indicates the essen- 
tial difference between such powders and those used in 
modern powder-metallurgy. 

Flaky powders suitable for paints are thin and flat, and 
often carry films of adsorbed lubricants picked up in manu- 
facture; the modern powders are compact particles, dense, 
either roughly spherical or angular and spiky, and their 
surfaces must be free from chemical contamination. Flake 
powders are still produced for paints and for other pur- 
poses; aluminium for instance, in this flaky state, is used in 
pyrotechnics, in explosives, in light-weight concrete and 
in self-heating permanent-wave sachets. In all these appli- 
cations, the high ratio of surface to mass furthers rapid 
chemical action. 

It was another nineteenth-century scientist—Wollaston— 
who established the desirable characteristics for a powder 
intended to be compressed into a solid, and who, as a result 
of his own work on platinum, laid down in 1829 in his 
Bakerian Lecture, the principles which still govern the 
production of a proportion of this country’s platinum, and 
were taken up again at the turn of the century when the 
metal lamp-filament superseded the carbon-filament. 
They are still valid today. 


First Important Application 


The manufacture of lamp-filaments was the first large- 
scale development of powder-metallurgy, and was applied 
first to tungsten and tantalum and later to molybdenum. 
These metals have very high melting-points and are ex- 
tremely sensitive to very small amounts of impurity; up to 
a very recent date they have resisted the conventional 
methods of casting and working. Molybdenum has now 
been successfully produced in a coherent cast form, but 
this achievement depends on a powder-metallurgy tech- 
nique. 

To produce powdered metals in the desirable form, that 
is, of small size and roughly equal in all three dimensions, 
there are many different processes. These can be divided 
into four main groups—the atomisation process, mechani- 
cal processes, chemical processes and the electrolytic 
process. 

Atomisation consists simply of breaking a stream of the 
molten metal into fine droplets by means of a blast of air, 
steam or water. This is a cheap process, and produces 





HOW COMPONENTS ARE 
PRODUCED FROM POWDER 


Fic. 1.—The die set in a press is exactly filled with powdered 
metal. The press is then set in motion and the powder is 
compressed to give what is called a ‘green pressing’. 


Fic. 2.—This close-up shows a green pressing being ejected 
by the lower punch at the close of the pressing operation. 


Fic. 3.—The green pressings are then fed into the sintering 
furnace, the base of which is a travelling belt. The sintering 
process is carried out in an inert or a reducing atmosphere 
which prevents oxidation of the pressings. The speed of the 
moving bed of the furnace is so regulated that the pressings 
are completely sintered in the hot zone of the furnace. 


Fic. 4.—From the hot zone the sintered pressings pass 
through a cool zone, and they are cool enough for comfort- 
able handling by the time they reach the operator. 


(Figs. 1 to 4 reproduced by courtesy of Sintered Products Ltd.) 
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smooth, rounded particles, irregular both in size and shape; 
it is most suited to the metals of low melting-point, as it 
inevitably introduces some oxidation. Nevertheless a great 
deal of the aluminium powder used in incendiary bombs 
during the war was produced in this way, and such a 
powder has been compacted into solid form; the oxide 
film which one would expect to hinder compaction breaks 
up during the process. If iron is atomised in this way a 
heavier layer of oxide is formed; this fact is used to great 
advantage in the German Mannesmann or ‘RZ’ process. 
Particles are produced by atomisation from a molten iron 
containing 4°% of carbon; they are reheated in vacuo, and 
the carbon in the core reduces the oxide skin, leaving a 
mass of hollow spongy spheres, of practically pure iron, 
which are extremely suitable for pressing. 

The simplest of all mechanical means of producing 
metal powders is to machine a piece of the solid metal in a 
lathe or similar machine tool; with a tool of the right 
shape, chips of regular size, free from fine material, can be 
produced, and these are then reduced to powder by crushing 
in a stamp-mill or a ball-mill. This is Bessemer’s original 
method, but it is not a cheap one, and has, therefore, not 
been much used in recent years; there is also a risk of 
spontaneous combustion or even explosion in the mill, and 
it is usual to pass a neutral gas such as nitrogen through it. 
These mills work in a similar way to the larger equipment 
used in ore crushing. A different and rather elegant 
process is carried out in the ‘eddy-mill’, which will disin- 
tegrate quite satisfactorily even malleable metals. Two 
large fans work in a chamber full of inert gas, small lengths 
of wire are fed in and, by the force which the turbulence 
gives them, collide with one another and are reduced to 
powder; as there are no parts to wear, there is no possi- 
bility of contamination, and this type of mill has a con- 
siderable future. 

The direct reduction of oxides is the most obvious of the 
chemical processes; the oxides of iron, nickel, tungsten, 
molybdenum, cobalt and copper can be reduced by carbon, 
carbon monoxide or hydrogen. Choice of the form of the 
oxide, and the use of an appropriate reducing agent, gives 
control of the nature of the powder produced. More 
complex methods are required for many metals, however; 
tantalum is a case in point, for it is necessary to produce a 
tantalum potassium fluoride from the tantalite ore, and 
eliminate niobium, which accompanies it, by a laborious 
chemical process. The complex salt is then melted and 
electrolysed; or it may be reduced with metallic sodium, 
a reaction which generates heat and proceeds of its own 
accord when sufficient heat has been supplied to start 
it. Beryllium can be produced by the reduction of its 
fluoride with magnesium. 

An interesting chemical method is applied to two of the 
most useful of metals, iron and nickel, the ‘carbonyl’ 
process. This depends on the phenomenon that if carbon 
monoxide is passed over these metals, compounds are 
formed called carbonyls, which, while gaseous at nor- 
mal temperatures, decompose into the metal and carbon 
monoxide at higher temperatures. Nickel has been puri- 
fied by the process for many years, and the process lends 
itself readily to the production of a very fine, spherical 
powder; difficulties arise, however, in the case of iron, for 
its carbonyl only decomposes at such a temperature that 
the carbon monoxide tends to split too, into carbon dioxide 
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and carbon, the latter being picked up by the iron. This 
unwanted reaction can, however, be suppressed by the 
introduction of ammonia into the reaction chamber. 

Metal powders can also be chemically produced from 
solutions of their salts in water, since other metals lower in 
the electromotive series will displace them, iron displacing 
copper from its salts, copper displacing silver, zinc, tin, and 
so on. This method gives very fine powders, but they are 
produced in the form of a sludge which is hard to dry and 
protect from oxidation. A neat method which only applies 
to stainless steel of the 18° chromium, 8 % nickel type, is 
to heat-treat it, in the form of scrap, at a high temperature, 
when the carbon it contains is precipitated at the grain- 
boundaries in the form of carbides; on treatment with 
acid, these carbides are dissolved, and the alloy falls apart 
into a fine powder. 

But the electrolysis of water solutions is the most 
popular of what may be called the ‘wet’ methods; the 
process is very similar to electroplating, except that one 
does not want the deposit to adhere to the cathode. It is 
prevented from doing so by a porous pot, and the metal is 
deposited either as a brittle shell, which needs to be broken 
up, or as a loose furry mass which can be brushed off or 
scraped off, if it does not come away of its own accord. 
This process is most applied in the case of copper and 
iron; dilute sulphate solutions are used, and the current 
densities are high. Iron powder made in this way is 
extremely pure. 


Limitations of Process 


Enough has been said by now to show that the prepara- 
tion of metal powders is quite well understood, and that 
there exists no lack of practical methods for making them. 
It must also be appreciated that there are certain limitations 
which are imposed by the physical nature of powders, and 
which no imaginable technique will overcome. Powders 
do not ‘flow’, even under pressure, to the same extent as 
molten metal will run into a mould, or as plastics can be 
forced into one and, therefore, the shape of the powder- 
metallurgy die must be extremely simple. In spite of the 
ingenuity which has been expended on mechanical devices 


to make possible the uses of dies of complicated form, the 


cylinder, the ring, and the block of cubical or rectangular 
shape are still the most practical objects to make. It will 
be realised that all the components so far mentioned have 
one or other of these shapes. 

The simplicity of shape of the ‘hard-metal’ tool tips 
mentioned earlier could, in fact, hardly be reduced—a 
small shallow oblong rounded at the end—but these small 
objects have become a vital part of industrial production. 
Their hardness, and ability to maintain a keen edge at a 
high rate of metal-removal and at the high temperatures 
this produces, have set up a new chain of development in 
the machine-tools in which they are used. To draw the 
greatest advantage from these properties, the machines are 
now being built in a more rigid construction to stand the 
strain, and with more automatic controls to avoid lost 
time; productivity per man-hour may increase two- or three- 
fold where they are used. This may, in turn, minimise one 
of the advantages thought to arise from the application of 
powder-metallurgy to the production of iron and steel 
components, a rapid output of components which would 
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Fic. 8.—Carbony]l iron x 600, 
(Powder Metallurgy Ltd.) 
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not require machining; with carbide tools, both the time 
and skill required for accurate machining are greatly 
lessened, and the cost of the operation becomes negligible, 

This throws up sharply the fact that the cost of materials 
involved in the powder metallurgy of iron and steel is far 
from negligible. While, in the United States, the cost of steel 
bar for machining may be about 5 cents a pound, the cost 
of iron powders is about three times that. Waste in machin- 
ing may reduce the disadvantage slightly, but it has been 
stated that iron powders cannot be produced at anything 
like 5 cents a pound until a total production for the United 
States of about 100 tons a day is reached; it would appear, 
from the few figures available, that no more than 7 to 10 
tons a day is being made at the moment. 

The position for the non-ferrous applications is much 
healthier; the application of porous-metal bearings alone 
will assure its future. These could, and probably will, 
replace all other types of bearing except the ball and roller 
types which will always be needed for very heavy service. 


‘Powdered’ Magnets 


For some time to come, then, we must expect new de- 
velopments in the powder metallurgy of iron and steel to 
be made in fields where the process can take advantage of 
special properties of these metals, their magnetic proper- 
ties in particular. For example, permanent magnets of 
the ‘Alnico’ type are readily made by powder metal- 
lurgy; ‘Alnico’ is an iron-aluminium-nickel-cobalt alloy, 
which is capable of containing a very large amount of 
magnetic energy per unit volume, more than the best 
magnet steels, in fact. It is also not easily demagnetised, 
either by stray fields or by shock; but, as the alloy is very 
hard and brittle, it has been difficult to shape it. It is now 
possible to make it from a mixture of electrolytic iron and 
copper powders, ‘carbonyl’ nickel, and a cobalt-aluminium 
powder prepared by crushing an alloy. Pressing is simple, 
but to avoid the risk of oxidation during sintering, the 
compacts are packed in titanium-aluminium alloy powder, 
and heated in a hydrogen atmosphere; the powder removes 
any oxygen that may be in the compact and any carbon 
that might endanger its magnetic properties. ‘AlInico’ 
magnets produced in this way are identical with those 
produced from the cast alloy. 

In such fields, where the material cannot be treated by 
any other means, where economy of material, dimensional 
accuracy, and complete regularity of the product are 
required, powder metallurgy has become, and will remain, 
an essential part of the metal-working industry. It will 
probably never reach enormous proportions, but its pro- 
ducts will be of very great importance. 


READING LIST 

Symposium on Powder Metallurgy, Iron and Steel Institute, 1947. 
(Special Report No. 38). 

Powder Metallurgy, by P. Schwarzkopf (Macmillan, 1947). 

Treatise on Powder Metallurgy, by W, Goetzel (Interscience Pub- 
lishing Co., 1949), 

The standard German work is Pulvermetallurgie und Sinterwerk- 
stoffe, by Kieffer and Hotop. (Springer, 1943). 
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Far and Near 





Anglo-American Atomic Talks 


THe United States is exploring “basic 
questions underlying any determination of 
long-range policy” in the atomic energy 
field with Britain and Canada. This was 
stated by President Truman at a recent 
press conference, to which he addressed 
some remarks about the way the three 
countries collaborated during the war, and 
about the exchange of information on 
atomic energy developments. 

He explained that “‘as a result of con- 
sultations among American, British and 
Canadian scientists beginning i in 1939, the 
United States, United Kingdom and 
Canada agreed in 1943 to concentrate a 
major effort in the United States for the 
purpose of producing an atomic bomb at 
the earliest possible time. A_ British 
scientific mission participated extensively 
in the research and development and later 
in the production of atomic bombs at Los 
Alamos. They participated in the prepara- 
tion for, and the evaluation of, the 
Bikini tests. Similar scientific missions 
were assigned to research and develop- 
ment work concerned with the construc- 
tion and operation of the principal plants 
for the separation of U-235 at Oak Ridge. 
British and Canadian scientists consulted 
our scientific and technical personnel at 
the metallurgical laboratory in Chicago 
on the design of the heavy water reactor 
which they subsequently built at Chalk 
River, Canada. 

“Early in 1947 the three countries 
adopted a uniform system for handling 
the information which had been jointly 
developed and for determining what 
should be kept secret and what was 
appropriate for public release. 

“In January, 1948, the three govern- 
ments agreed upon a modus vivendi which 
provided for co-operation among. the 
three countries involving exchange of 
scientific and technical information in 
certain defined areas and collaboration on 
matters of raw material supply of common 
concern. These arrangements were made 
after consultation with the Joint Com- 
mittee on Atomic Energy. These arrange- 
ments are limited in scope and duration. 
It is necessary to consider the future, 
taking into account the developments 
made in this field by the three countries, 
and to maintain the status quo while this 
consideration takes place. 

“We, therefore, intend to explore with 
the United Kingdom and Canada some of 
the basic questions underlying any deter- 
mination of long-range policy in this field. 
These are questions which will require 
further consultations with the Congress 
following the exploratory conversations. 

“I wish to emphasise that these ex- 
ploratory conversations do not involve 
making agreements with, or commitments 
to, the British and Canadians on these 
questions. They involve having talks with 
the British and Canadians prior to further 
consultations with the Congress. In those 
consultations with the Congress, we shall 


have to decide together what course of 


action it is wisest to take.’ 


Atomic Expert in S. Africa 


Sir JOHN Cockcrort, Director of Britain’s 
Atomic Energy Research Establishment, 
is on a four-weeks visit to South Africa, 
the visit being sponsored jointly by 
the Nuffield Foundation and the South 
African Council for Scientific and In- 
dustrial Research. During his tour Sir 
John is lecturing at the universities of 
Pretoria, Witwatersrand, Natal, Cape 
Town, and Stellenbosch. He is also 
visiting the C.S.I.R. Laboratories at 
Pretoria, Bernard Price Institute, Tele- 
communications Research Laboratory, 
and Government Metallurgical Labora- 
tory. 


Science Museum Opens Astronomy Gallery 


THE Astronomy Gallery at the Science 
Museum, S. Kensington, is now once 
again fully open to the public after having 
been closed since the outbreak of war. 
Among the many exhibits once again on 
view are historic telescopes. models of the 
solar system including an Orrery made for 
George II], sundials, sextants and several 
historic globes. 

An exhibit now shown for the first time 
is One presented by His Majesty The 
King—a globe upon which is engraved a 
representation of the visible surface of the 
moon. Constructed by John Russell, 
R.A., in 1797, the globe is known as a 
Selenographia and it is supported in a 
complicated mounting upon which the 
motions of the moon can be demonstrated. 
It is commonly thought that the moon 
always presents the same face to the earth 
but this is not quite strictly true as in fact 
the moon appears to wobble slightly as it 
rotates round the earth. These apparent 
oscillations or ‘librations’ as they are 
technically called, enable features just 
round the edge to be seen first at one side 
and then at another. During the course 
of a month, fully 59° of the moon's 
surface can be seen from the earth. The 
other 41°. is never seen. The mechanical 
mounting of the Selenographia recently 
presented by His Majesty enables the 
librations of the moon to be demonstrated 
in detail. 


Research Council for B.E.A. 


Sirk Harotp Hartiery, F.R.S., has 
accepted the chairmanship of Electricity 
Supply Research Council, set up to give 
scientific advice to the British Electricity 
Authority. Other members who have 
accepted invitations to serve are: 

Sir Edward Appleton, F.R.S., Professor 


F. E. Simon, F.R.S., Sir David Brunt, 
F.R.S., Professor H. W. Melville, F.R.S., 


Sir Geoffrey Taylor, F.R.S., Mr. V. A. 
Pask, and Mr. C. W. Marshall. 


News about Royal Observatory 

(See Prof. Plaskett’s article, Discovery, 
1946, Vol. 7, 311-315). 

COMPONENTS for the Isaac Newton 

telescope which is to be erected at the 

Royal Greenwich Observatory have been 

promised from America. On his recent 


visit to the United States, the Astronomer 
Royal accepted the gift of a 98-inch disc of 
Pyrex glass, which was originally cast for 
use in a telescope that was to be erected at 
Michigan Observatory, a project that was 
afterwards abandoned. A 26}-inch disc 
has also been presented for use in the 
Isaac Newton telescope. These gifts will 
enable the telescope to be completed two 
or three years ahead of schedule. 

One reason why the Royal Greenwich 
Observatory moved to Herstmonceux 
Castle was to get away from the glare of 
London’s night sky, and this advantage 
would be lost if towns close to the new 
site introduced mercury-vapour lamps for 
street lighting. Hastings, which is near 
Herstmonceux, was intending to use this 
kind of street lighting, but the plans have 
now been changed as a result of Admiralty 
representations, which have succeeded in 
getting local authorities within ten miles 
of Herstmonceux observatory to agree to 
consult the observatory before proceeding 
with the installation of any new lighting. 


Compound E and Arthritis 

IN answer to a question about Compound 
E (as the chemical hydroxy-dehydro- 
corticosterone is commonly called) Mr. 
Morrison told the House of Commons on 
July 12 that research aimed at finding 
effective new substances akin to compound 
E was in active progress under the Medical 
Research Council. All these compounds 
were exceptionally difficult to make, and 
early success was not to be expected. 
Large-scale production of compound E 
itself was a matter for commercial labora- 
tories rather than the Council, but again 
the difficulty of synthesis must hamper 
speed. American manufacturers of the 
compound had intimated that it was 
unlikely to be generally available for use 
by doctors even in the United States for 
several years at least. 

As reported in Discovery (June, 1949, 
p. 199) initial tests on cases of rheumatoid 
arthritis with compound E, which is a 
hormone derived from the adrenal gland, 
have given promising results. 


Catalogue of Agricultural Books 

A 30-PAGE catalogue of books on agri- 
culture, horticulture, animal and veterin- 
ary science is obtainable free on applica- 
tion to the scientific booksellers, H. K. 
Lewis and Co. Ltd., of 136, Gower Street, 
London, W.C.1. 


Labour Party Policy on Science 


THE Labour Party has published a 15- -page 
pamphlet entitled ‘‘New Deal for Science” 
that recommends a number of steps that 
should be taken to encourage scientific 
research and development. The recom- 
mendations emanate from a committee 
which the Labour Party set up last year 
to advise on the Party’s policy for science 
and this committee included a number of 
scientists, trade unionists and managers. 
The pamphlet begins by explaining the 
various ways in which the present Govern- 
ment has already contributed to the 











Sir Rowland Biffen, F.R.S., the famous 
agricultural scientist, who died in July 


at the age of 75. In 1908 he was ap- 
pointed Professor of Agricultural Botany 
in the newly created Department of 
Agriculture at Cambridge, and occupied 
this chair until retirement in 1931. His 
best-known work concerned with 
rust-resistant varieties of wheat, in which 
direction his major success was the 
breeding of the kinds called Little Joss 
and Yeoman. 


Was 


furtherance of scientific development in 
Britain. Here it mentions the appoint- 
ment of the Advisory Council on Scientific 
Policy, the Defence Research Policy Com- 
mittee and the Committee on Industrial 
Productivity. It is claimed that the work 
of the Agricultural Research Council has 
expanded rapidly since 1945, while the 
Department of Scientific and Industrial 
Research has increased its grants to indus- 
trial research associations by more than 
£1 million a year. Government grants 
to the universities (much of which is 
spent on research) have risen from £2 
million to £17 million. Of Civil Service 
science in general the pamphlet says, 
“Science has been given a permanent 
place in the machinery of government. 
Thus the growing importance of the 
Scientific Civil Service has been recog- 
nised by the improvement of salary scales. 
Government scientists, other than those 
on defence work, are now allowed to 
publish results in their own names and so 
add to the publicity of available know- 
ledge. This is an example which should 
be followed more widely in industry.” 
British industry is criticised for failing 
to apply science to the maximum extent. 
Private firms, claims the Party’s committee, 
have ignored some valuable results ob- 
tained by Government scientists, and here 
it is suggested that the National Research 
Development Corporation will be im- 
portant in taking up such results and 
exploiting them for the public benefit. 
Another recommendation for bringing 
about more efficient use of science in 
industry involves the setting up of a 
scientific information office under the 
auspices of the D.S.I.R. which would 
extend the work at present carried out by 
that Department's Intelligence. It is also 
urged that there should be ‘an industria 


extension service’ which would do for 
industry what is already performed for 
agriculture by the National Agricultural 
Advisory Service. 

The committee makes several recom- 
mendations concerning Research Associa- 
tions, whose work the report describes as 
having been most valuable. It is pointed 
out that the Government has the power 
to compel any firm to become a member 
of, and to subscribe to, the relevant 
Research Association. The committee 
advocates the use of these powers when 
important firms refuse to show interest in 
co-operative research. That hostility on 
the part of the workers can hold up 
industrial application of science is recog- 
nised, but this could be broken down in 
various ways; for example by putting 
trade union representatives on the gov- 
erning bodies of more Research Associa- 
tions. 

The committee expresses its desire that 
all scientific findings of industrial research 
should be published, but then goes on to 
comment: “Greater freedom of publica- 
tion can only be extended gradually and 
may never be complete as long as there 
are profit-making private firms.’’ One 
hopeful approach, it is suggested, would 
be for the scientists themselves to create 
a professional code according to which 
they would be free to publish the results of 
research done for private firms unless 
there were the strongest reasons to the 
contrary. 

The report is emphatic on the need to 
attract scientists to university research and 
teaching, and demands better salaries for 
university teachers, especially in the lower 
grades, and for school science masters. 

Finally technical education receives 
attention. Here the committee calls for 
the strengthening of the applied science 
faculties in selected universities in indus- 
trial areas and for the creation of institu- 
tions with status equivalent to that of 
tne Technical Institute of Zurich or the 
California Institute of Technology. Local 
technical colleges ought to be able to 
provide courses of university standard 
leading to a bachelor’s degree. Moreover, 
research in these colleges should be 
encouraged by Government grants. 


Night Sky in October 

The Moon.—Full moon occurs on Oct. 
7d 02h 52m, U.T. and new moon on 
Oct. 21d21h 23m. (Readers should notice 
that 2h U.T. is the same as 2 a.m. on 
Oct. 7 and 2th U.T. is the same as 9 p.m. 
on Oct. 21. No notice is taken of summer 
time and readers can make their own 
corrections for this). The following con- 


junctions take place: 
October 
17d 13h Mars in con- 

junction with 

the moon Mars > & 
19d 00h Saturn ™ Saturn : & 
20d 16h Mercury ,, Mercury 1 N. 
25d 04h #£Venus i Venus 2N. 
27d 21h Jupiter Jupiter SN. 

None of these will be of interest to 


naked-eye observers in our isles with the 
exception of the last one. 


The Planets.—The times for the rising 
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is giving 


Professor E. C. Bullard, who 


up the chair of Physics at Toronto 
University to succeed Sir Charles 
Darwin as Director of the National 


Physical Laboratory, Teddington, early 
next vear. Aged 41, he is an expert on 
geophysics. During the war he_ was 
Assistant Director of Operational Re- 
search in the British Navy. 


and setting of the planets will always be 
given for the latitude of Greenwich, and 
those who reside in other parts of the 
British Isles or elsewhere must accept the 
times as merely approximate. 

Mercury rises at 5h 20m, 4h 44m, and 
Sh 34m, at the beginning, middle and end 
of the month, respectively—in the last 
case nearly 14 hours before sunrise, but it 
is not an easy object to detect. Of greater 
interest is Venus, an evening star, setting 
at 18h 45m, 18h 28m, and 18h 21m, on 
Oct. 1, 15, and 31, respectively. A small 
telescope will show that the portion of the 
visible illuminated disc varies from about 
0-7 to 0-6 during this time so that the 
planet presents the appearance of the 
waning moon. Mars, in the constellation 
of Cancer, rises about an hour after 
midnight during October, but the planet is 
so far from the earth—about 177 million 
miles in the middle of the month—that 
very little of the surface features can be 
seen with a small telescope. Jupiter, in the 
constellation of Sagittarius, sets about 
5 hours after the sun but as it does not 
rise very high above the horizon it will 
not be an easy object to observe. Saturn, 
close to u Geminorum, rises at 3h 40m 
and 2h at the beginning and end of the 
month and can be seen for some hours 
before sunrise; a small telescope will 
show its rings and its largest satellite- 
Titan. 

On Oct. 6—7 there will be a total eclipse 
of the moon, visible at Greenwich. The 
moon enters the penumbra on Oct. 6d 
23h 501m and leaves it on Oct. 7d 06h 
02:7m. The corresponding times for the 
umbra are Oct. 7d Olh 04:7m, and Oct. 
7d 04h 48-1m, total eclipse beginning and 
ending at Oct. 7d 02h 19-5m. and Oct. 
7d 03h 33-2m. A partial eclipse of the sun 
on Oct. 21 is invisible at Greenwich ot 
anywhere in the northern hemisphere and 
it is unnecessary to deal with the details 
of this eclipse. 
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UNESCO and Young Scientists 


Conference Discusses Science Clubs 


THROUGHOUT the world there are youth 
organisations concerned with various 
aspects of scientific activities; for example, 
there are the ‘Jeunesse Astronomique’ of 
France, the ‘Groupe des Jeunes de nos 
Oiseaux’ of Switzerland, and the ‘Neder- 
landse Jeugdbond voor Natuurstudie’ of 
Holland. 

Little was known about the detailed 
activities of these bodies until recently 
when, on July 15 and 16, under the auspices 
of the Division for the Popularisation of 
Science and its Social Implications, of the 
Natural Sciences Department of Unesco, 
an International Meeting of Science Club 
Leaders was held at Unesco House in 
Paris. 

The object of the meeting was to obtain 
the views of these experts on how best the 
activities of these various youth organisa- 
tions could be co-ordinated, how new 
science clubs could be stimulated, and what 
administrative machine could be set up to 
assist in these activities. 

The most developed science clubs 
and the most numerous—are to be found 
in the U.S.A. There exist the “Science 
Clubs of America’, the ‘4H Club Move- 
ment’, the ‘Future Farmers’ and the ‘New 
Farmers of America’. 

The Science Clubs of America are 
directed by Science Service, which today 
is responsible for about 13,000 science 
clubs in the U.S.A. and a number outside. 
These clubs are all organised to assist 
their members in learning about science. 
The average number of members is 27, 
although the spread is from 3 to 700. 

Mr. Watson Davis, the Director of 
Science Service—who was elected chair- 
man of the meeting in Paris—has declared 
that “science clubs are to science what 
grass roots are to agriculture. The in- 
formal science clubs squeezed in after 
school with the help of a teacher-sponsor 
or the equivalent gang that makes models, 
or builds a radio set, or does chemical 
experiments, or collects insects, getting 
together in the precious free time left 
after school or on Saturdays and Sundays, 
these groups have quite as much educa- 
tional value and purpose as the regular 
school schedules.” 


Amateur Meteorologists 

The science clubs may be generalised 
or specialised. For example, the twenty 
boys who make up the ‘Physics Club’ 
of Marquette University High School, 
U.S.A. act as meteorologists. They make 
daily weather observations, which are 
used by the local radio and newspaper, 
and are sent to the U.S. Weather Bureau. 

Each vear, the science clubs take part 
in a talent search, financed by the West- 
inghouse Educational Foundation. 
Usually, about 16,000 candidates enter, 
and after a stiff examination the 300 best 
are given further tests, as a result of which 
forty are finally invited to a five- day, all- 
expenses-paid, trip to Washington. There, 


the winner is selected to receive a four-year 
science scholarship worth about £700. 

The work of some of the winners is very 
impressive. Fifteen-year-old Andrew Steven 
Kende, in his essay, told how he had 
Started experimenting with the new or- 
ganic silicon polymers, silicones. He was 
struck by the fact that the best reagents 
for making these new products are danger- 
ous to use because they are dissolved in 
ether, forming explosive mixtures, in the 
air. Since ether acts merely as a solvent in 
these reactions, he began to search for 
some less volatile liquid to use as a 
substitute. Apparently, no one _ had 
thought of this safety measure, and he 
began to make a series of experiments on 
organic solvents for the reagents whose 
volatility and flash point would be more 
on the side of fire safety. He found that 
three liquids—-dibuty! ether, anisole, and 
diphenyl ether—could be substituted for 
ether as solvents. This information was 
of great importance to industries using 
Grignard reagents for the synthesis of 
organic compounds. 

The 4H Club movement had at the 
beginning of this year a membership of 
1,759,911. The name is derived from 
‘Head, Heart, Hand and Health’. The 
pledge which every boy and girl takes is: 
“[ pledge my Head to clearer thinking, 
my Heart to greater loyalty, my Hand to 
larger service, my Health to better living, 
for my club, my community and my 
country.” 

Although these clubs are not interested 
in science in the same way as the Science 
Clubs of America, they were born of a 
desire to bring more science into the 
school curriculum. 

In Europe, many of the science clubs 
are concerned with nature study, for 
example, the ‘Société des Sciences 
Naturelles de l'Ouest de la France’, the 
‘Nederlandse Jeugdbond voor Natuur- 
studie’, the Finnish *‘Luonto-Liitto’ (Fed- 
eration of the Friends of Nature), the 
French-Swiss ‘Groupe des Jeunes de nos 
Oiseaux’, and the Swedish ‘Faltbiologisk 
Ungdomsf6rening’ (Swedish Field- 
Biology Youth Group). The Danish 
Young People’s Union for the Study of 
Natural Sciences has a broader outlook, 
and exists to increase interest in the 
Natural Sciences and to make clear to 
young people the importance of these 
sciences for modern life. 

This Science Club movement is publi- 
cised regularly through the weekly 
magazine //l-Familie Journal, and science 
clubs have been formed all over Denmark. 
They all work along the same pattern 
using in the main study circles. The 
subjects tackled are: weather forecasts 
(to verify theories, students follow the 
changes in the weather during the season, 
making their own observations and meas- 
ures and these are then compared with, 
and explained by, the weather charts from 
the Meteorological Institute); chemistry 
for beginners; radio technics for begin- 


ners; music and physics (this study is 
based on Jeans’ ‘Music and Physics’); 
the theory of relativity (this is intended for 
advanced students of mathematics and 
figures); and chemistry for advanced 
students. 

In addition to the individual study 
circles, there is a weekly meeting with 
lectures, or a showing of science films or a 
visit to a factory or scientific institutions. 
The leaders of science clubs are usually 
science teachers. 

In opening the Conference, Dr. Torres 
Bodet, Director-General of Unesco, said: 
*“You have wonderful privileges to spread, 
humanise and promote science. This will 
enable you to contribute to the develop- 
ment, not only of scientists, but of citizens, 
more enlightened about the resources and 
about the dangers that exist in the world 
today.” 

There were present at the Conference, 
experts and observers from nine coun- 
tries. From Britain, there were Mr. M. G. 
Bennett, of the British Association for the 
Advancement of Science, who agreed to 
write a report on the Science Club 
movement in Britain, and Messrs. F. 
Aprahamian and O. Suddady, of the 
Association of Scientific Workers. 


More Opportunity for Clubs Needed 

The science club leaders agreed that 
because of the undoubted value of science 
clubs, in stimulating young people's 
interest in scientific activities, Unesco 
should recommend that science clubs be 
formed in each of the Member States and 
that they be given effective financial 
support. In addition, that in each country 
where the Science Club movement is not 
yet active, a conference of representatives 
of administrative, academic, scientific and 
youth organisations, should be called to 
discuss the formation of science clubs. 

It was the view of many of the speakers 
that the number of compulsory school 
hours might be reduced to allow more free 
time for science clubs. 

Unesco was also asked to inform all 
Societies and Associations for the Pro- 
tection of Nature of the successful at- 
tempts in the formation of nature protec- 
tion clubs for young people which have 
been made in Holland and Sweden. The 
meeting considered it of paramount im- 
portance “for future work in connection 
with nature protection and the wise utilisa- 
tion of resources, that the interest of 
youth in these matters be aroused as soon 
as possible”. 

Mindful of the strong and material 
influence of science on everyday life, and 
realising the vital importance of the 
appreciation by all of the value of science 
devoted to peaceful ends as a force 
making for human progress, the meeting 
recommended that science clubs should 
concern themselves with the study and 
spreading of scientific method and the 
social implications of science. These 
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clubs, should, through their Unesco 
National Commissions, link themselves 
up with the recurring annual Unesco 
discussion theme and consider the organ- 
ising of essay competitions and exhibitions 
to illustrate this theme. 

Finally, Unesco was asked to set up a 
permanent central office of information to 
act as a clearing-house for science clubs. 

It was interesting to learn that in New 
Zealand there is a voluntary Science 
Clubs movement attached to all schools; 
and that in Czechoslovakia, within the 
past few years, science clubs have also 
been started in all schools, but they are a 
basic part of the curriculum and are com- 
pulsory. 


Two days after this meeting ended, 
representatives of the French Ministry of 
Education and Youth Organisations met 
again at Unesco House and have agreed 
that the Ministry of Education send an 
official request to all teachers in French 
schools to aid in the formation of science 
clubs. A similar request is to be made in 
Poland to the Polish Ministry of Educa- 
tion. 

A number of papers prepared in con- 
nexion with this science clubs meeting 
are available for distribution, and they can 


be obtained on request to the Division of 


Science and its Popularisation, Depart- 
ment of Natural Sciences, Unesco, Paris. 
MAURICE GOLDSMITH 





The Bookshelf 


Sampling Methods for Censuses and 
Surveys. By F. Yates (London, Griffen 
and Co., 1949; 318 pp., 24s.) 

Most of us are familiar with sample 
censuses and surveys from the Galiup 
and Mass Observation surveys. The 
sampling ‘method is, in fact, now being 
used to obtain information on a great 
many sociological, economic and agri- 
cultural matters. In principle it aims at 
obtaining an estimate of conditions, 
production, requirement, or whatever it 
may be, in an aggregate population or 
area by observation on only a part or 
sample of that aggregate. 

That such estimates can be untrust- 
worthy has been demonstrated on occa- 
sion by those censuses of political opinion 
which attract so much popular attention. 
It is perhaps less widely known that the 
methods and precautions necessary for 
the avoidance of such misleading results 
are now understood as a result of the 
labours of statisticians in many countries. 
These methods enable surveys and cen- 
suses to be confidently attempted on a 
scale and under conditions which would 
otherwise be impossible, and indeed world 
censuses of agriculture and population 
have been projected by the United Nations. 
It is from the preparation of a manual on 
sampling to aid in this work, especially 
in the less developed areas, that Dr. 
Yates book has arisen. 

A sample survey must aim at the avoid- 
ance of bias in its results, at the provision 
of an estimate of the confidence to be 
placed in them, and at the most efficient 
use of available facilities. Dr. Yates 
discusses in detail both the principles and 
practice of sample surveys from the point 
of view of these essentials. His book 
follows the survey step by step through 
its various Stages of design, execution and 
analysis, and covers every kind of problem 
which may be raised, from the practical 
instruction of the field worker and choice 
of computing machines, to the theoretical! 
appraisement of methods and designs. 
Jt is written principally for those with 
little training in mathematical statistics, 
and should cause no great difficulty to 


anyone with an elementary knowledge of 


Printed and Published in Great Britain by Jarrold & Sans. Ltd., Norwich 


algebra. It will be indispensable to those 
who are in any way concerned with sample 
surveying, and indeed is to be recommend- 
ed to all who have an interest in this 
speedy and economical way of obtaining 
the information upon which adequate 
planning and administration must be 


based. K. MATHER 


The Dragonflies of the British Isles. By 
Cynthia Longfield. (London & New 
York, Warne, Wayside & Woodland 
Series, 2nd (enlarged) edition, 1949, 
pp. 255, 17s. 6d.) 

THE first edition of this most efficient book 

achieved the distinction of being accepted 

as a Standard handbook for the identifi- 
cation of British Dragonflies. As a field 
naturalist previously ignorant of dragon- 

flies, I have found it indispensable, 
mainly because of the data it included on 
characters, time of appearance and 
regional distribution—the latter brought 
up to date in this edition and improved by 
vice-county references. For those natural- 
ists, however, who like myself wished only 
to observe and not collect, the textual 
description of characters and accom- 
panying photographs could only be of 
general help in identifying some of the 
larger or unmistakably coloured dragon- 
flies. What was wanted was a complete 
set of faithfully reproduced colour-plates, 
illustrating not only the male and female 
of each species, but also the numerous and 
confusing immature stages. Too ambi- 
tious a project under present conditions 
no doubt: and though in this new edition 
the publishers have gone some way to 
meet this essential by including coloured 
figures of twenty-four out of the forty- 
four dragonflies on the British list. none 
of the immature forms is represented. 
Moreover, some of the plates are crude 
and in one or two instances may actually 
prove misleading. The collector, on the 
other hand, ts admirably catered for with 
an excellent series of keys and drawings. 
and should have no difficulty in identifying 
every insect he obtains. 


RICHARD PERRY 
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X-Rays in Theory and Experiment. By 
, Compton and S. K. Allison. 
(Van Nostrand, New York; Macmillan. 
London, 1948; 2nd edn., pp. 828, 48s.), 


THE reprinting of this volume makes 
available once again a means of acquiring 
a fundamental knowledge of the physical 
properties of X-rays presented in a clear 
and methodical manner. Although last 
edited in 1935 this work retains an accur- 
acy little affected by subsequent develop- 
ments and well repays the purchaser for 
the moderate outlay it involves. 


M. G. HARWoOoD 
Essentials of General Cytology. By 
R. A. R. Gresson, including four 


chapters on Plant Cytology by Helena 
Heslop Clark. (Edinburgh University 
Press, 1948; pp. 184, 21s.) 


THis book is intended primarily for 
students of botany and zoology whose 
curriculum includes a study of the cell 
and as a general account for biology 
teachers in colleges and schools. 

After a history of cytology, which is far 
too brief to be adequate, there follows a 
description of protoplasmic components 
and the general structures of animal and 
plant cells. Short accounts of mitosis and 
meiosis are followed by more satisfying 
descriptions of oogenesis, spermato- 
genesis and fertilisation. 

The three chapters on life-cycles in 
plants are out of place and should not, 
strictly speaking, be considered under the 
heading of cytology. The chapters on 
cytogenetics could have been further 
enlarged. For instance, linkage occupies 
only five lines and crossing-over, recom- 
bination and chromosome maps are dealt 
with in less than a page. On the other 
hand, more recent controversial work, 
e.g. Darlington’s levels of determinants of 
cells, fares somewhat better. 

Golgi material and mitochondria are 
discussed in two detailed chapters, but all 
the treatment that cancer receives is 
three short paragraphs without illustra- 
tion. Medical students may well ask 
why the emphasis on the cell if it has no 
bearing on the major problem of cellular 
organisation. The short description of 
Protozoan cytology suffers, as there is no 
mention of the important investigations 
by Sonneborn and_ colleagues’ with 
Paramecium. 

The inclusion tn the text of references to 
recent papers in learned journals repre- 
sents a step forward in biological text- 
book writing. The keener student is pro- 
vided with a starting-point to the litera- 
ture on specialised and controversial 
subjects. All new terms are italicised and 
later defined in a glossary. The diagrams 
form a feature of the book. These are 
generally well produced but some dia- 
grams would have benefited by more 
reduction; a paradox in view of the paper 
shortage. 

As the book treats only some aspects of 
cytology adequately, yet includes extrane- 
ous elementary material, teachers and 
students will find its main application in 
the use of the illustrations as class demon- 
strations. 


Editorial Offices: 244 High Holborn, W.C.1 
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BOOKS 


LARGE STOCK OF NEW 
& STANDARD BOOKS 
ON CHEMISTRY—PURE AND APPLIED, PHYSICS, 
MATHEMATICS, BIOLOGY, PSYCHOLOGY, 
ENGINEERING, AGRICULTURE. STUDENTS’ 
TEXT-BOOKS FOR ALL SCIENTIFIC EXAMINA- 


TIONS SUPPLIED. 


Catalogue of Students’ Text-books on Chemistry—Physics—Biology 
available. Please state interests. 
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Annual subscription from ONE GUINEA 


The Library covers a wide range of subjects and 
is invaluable to schoolmasters and students. 
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| Matriculation 


@ Matriculation is the first step to a Degree at 


the University of London (obtainable without 
residence). It is also the most widely recognised 
Certificate of a good general education, and as 
such 1s a valuacle qualitication for obtaining 
posts in banks, commercial offices, ete. 


U.C.C., founded in the year 1887, with its staff 
of highly qualified Tutors, has successtully pre- 
pared many thousands of students tor London 
University Matriculation. AFTER JUNE I9QSI THE 
EXAM. WILL BE DISCONTINUED. Consequently 
those who wish to take the last chance of obtaining 
this valuable certificate should enrol now with 
U.C.C. for the January or June examination 1951. 
The College ts an Educational Trust, not con- 
ducted primarily as @ profit-making concern. 
Write tor PROSPECTTUS post free on application 
to the Registrar, 
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‘Paludrine’ 


for Malaria 


‘Paludrine ’ was the outcome of a programme 
of research for a more efficient drug than 
quinine or its synthetic substitutes, mepacrine 
and pamaquin. This was urgently begun in 
|.C.]. laboratories in Manchester in 1942, when 
the Japanese conquest of the quinine-producing 
East Indies jeopardised the health of Allied 
armies in the Tropics. The biologist of the 
team, Dr. D. G. Davey, laid the foundations 
of success by evolving a swift and positive 
method of testing compounds for antimalarial 
activity. Then a group of chemists, headed by 
Dr. F. L. Rose and the late Dr. F. H. S. Curd, 


began the chemical part of the investigation, 
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striking out along lines hitherto unexplored in 
malaria research. Many new compounds were 
evolved, and tested and rejected, but before 
the end of 1944 one of altogether exceptional 
power had been developed. This was given 
the name of ‘ Paludrine ’. 

The achievement of the British chemical 
industry in respect of ‘Paludrine’ is 
threefold. 
to a_ particular 


against time, and the result is the safest 


It was accomplished in response 


need, it was completed 
and most effective drug ever produced for 
the prophylaxis, suppression and treatment 


of the disease. 
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